
OFF-SITE ENVIRONMENTAL MONITORING REPORT FOR THE NEVADA TEST SITE ' i  

AND OTHER TEST AREAS USED FOR UNDERGROUND NUCLEAR DETONATIONS 

January through December 1978 

Nuclear Radiat ion Assessment D i v i s i on  
Environmental Moni tor ing Systems Laboratory 

U.S. ENVIRONMENTAL PROTECTION AGENCY 
Las Vegas, Nevada 89114 

October 1979 

This work performed under a Memorandum o f  
Understanding No. EY-76-A-08-0539 

for t he  
U.S. DEPARTMENT OF ENERGY 



OFF-SITE ENVIRONMENTAL MONITORING REPORT FOR THE NEVADA TEST SITE 
AND OTHER TEST AREAS USED FOR UNDERGROUND NUCLEAR DETONATIONS 

January through December 1978 

by 

R. F. Grossman 

Nuclear Radi a t i on  Assessment D i v i  s ion 
Environmental Moni tor ing Systems Laboratory 

U.S. ENVIRONMENTAL PROTECTION AGENCY 
Las Vegas, Nevada 89114 

This work performed under a Memorandum o f  
Understanding No. EY-76-A-08-0539 

f o r  the  
U.S. DEPARTMENT OF ENERGY 



PREFACE 

The Atomic Energy Commission (AEC) used the Nevada Test Site (NTS) from 
January 1951 through January 19, 1976, for conducting nuclear weapons tes ts ,  
nuclear rocket-engi ne devel opment , nuclear medicine studies, and mi scel 1 aneous 
nuclear and non-nuclear experiments. Begi nni ng on January 19, 1976, these 
act ivi t ies became the responsibility of the newly-formed U.S. Energy Research 
and Development Admini stration ( E R D A ) ,  which was la te r  merged with other 
energy-related agencies t o  form the U.S. Department of Energy on October 1, 
1977. Atmospheric nuclear t es t s  were conducted periodically from January 27, 
1951 through October 30, 1958, a t  which time a testing moratorium was imposed 
until September 1, 1961. After September 1, 1961, a l l  nuclear detonations 
have been conducted underground with the expectation of containment except for 
four sl ightl y above-ground or shall ow underground tes t s  of Operation Dominic 
I1 in 1962 and five nuclear earth-cratering experiments conducted under the 
Pl ows hare program. 

The U.S. Public Health Service (PHs),  from 1954 through 1970, and the U.S. 
Environmental Protection Agency ( E P A )  , from 1970 t o  the present, have 
maintained f ac i l i t i e s  a t  the NTS or in Las Vegas, Nevada, t o  provide an 
Off-Si t e  Radio1 ogical Safety Program for nuclear testing. In addition, 
off-si te  surveillance has been provided by the PHS or EPA for nuclear 
explosives t es t s  a t  places other t h a n  the NTS. Prior to  1954, the 
surveil lance program was performed by the Los A1 amos Scientific Laboratory and 
U.S. Army personnel. 

Since 1954, the objective of th is  surveillance program has been to  measure 
1 eve1 s and trends of radioactivity in the off-si t e  environment surrounding 
testing areas to ascertain whether the testing i s  in compliance with existing 
radi ation protect ion standards. Off-si t e  level s of radiation and 
radioactivity are assessed by depl oyi ng routine sampl i ng networks for mi 1 k ,  
water, and a i r ;  a dosimetry network; and a special sampling of food crops, 
so i l ,  etc., when required. To implement protective actions, provide immediate 
radi ation moni tori ng , and obtain environmental samples rapidly af ter  any 
re1 ease of radioactivity , personnel w i t h  mobile monitoring equi pment are a1 so 
placed in areas downwind from the NTS or other t e s t  areas prior t o  each test.  

Published reports covering specific tes t  series or t es t  projects include 
the analytical results for radioactivity originating from nuclear t es t s  a t  the 
NTS. Beginning in 1959 for reactor tes ts ,  and in 1962 for weapons tes ts ,  
surveil lance data for each individual t es t  which resulted in off-site 
radioactivity was reported separately. Commencing in January 1964, and 
continuing through December 1970, these individual reports for nuclear t es t s  



were a1 so summarized and repor ted every 6  months. I n d i v i d u a l  a n a l y t i c a l  
r e s u l t s  f o r  a1 1  r o u t i n e  and specia l  m i l k  samples were a1 so inc luded i n  these 
semi annual summary repor ts .  

I n  1971, t h e  AEC implemented a  requirement, now r e f e r r e d  t o  as t h e  DOE 
Manual, Chapter 0513, t h a t  each c o n t r a c t o r  o r  agency invo lved  i n  major  nuclear 
a c t i v i t i e s  provides a  comprehensive r a d i o l o g i c a l  moni tor ing  repor t .  The e n t r y  
o f  these r e p o r t s  i n t o  t h e  general l i t e r a t u r e  prov ide a  data base for  t h e  
environmental impact of nuc lear  a c t i v i t i e s .  

To prov ide r a p i d  d isseminat ion  of data, a1 1  a n a l y t i c a l  r e s u l t s  o f  a1 1  a i r  
data c o l l e c t e d  s ince  J u l y  1971, and a l l  m i l k  and water samples c o l l e c t e d  s ince 
January 1972 were publ ished i n  Rad ia t ion  Data and Reports, a  monthly 
p u b l i c a t i o n  o f  t h e  EPA t h a t  was d iscont inued a t  t h e  end o f  1974. Dur ing t h e  
years 1976 and 1977, a i r  and m i l k  da ta  were repor ted i n  q u a r t e r l y  i n t e r i m  
r e p o r t s  and d i s t r i b u t e d  t o  State, Federal,  and o the r  organ izat ions  i n t e r e s t e d  
i n  t h e  in format ion.  Dosimetry data  were a l s o  inc luded beginning i n  t h e  t h i r d  
quar te r  o f  1976. I n  1978 t h e  i n t e r i m  q u a r t e r l y  r e p o r t s  were discontinued. 

Since 1962, PHs o r  EPA a i r c r a f t  have a1 so been used du r ing  nuc lear  t e s t s  
t o  prov ide r a p i d  moni tor ing  and sampl i n g  f o r  re1 eases o f  r a d i o a c t i v i t y .  
A i r c r a f t  mon i to r ing  data obta ined immediately a f t e r  a t e s t  a r e  used t o  
p o s i t i o n  mobi 1  e  r a d i a t i o n  mon i to r ing  personnel on t h e  ground. The r e s u l t s  o f  
a i rbo rne  sampl i ng are  used t o  quant i fy  t h e  inven to r ies ,  d i f f u s i o n ,  and 
t r a n s p o r t  o f  t h e  rad ionuc l i des  released. Beginning i n  1971, a l l  a n a l y t i c a l  
data from mon i to r ing  and a e r i a l  sampling have been repor ted  i n  e f f l  uent 
mon i to r ing  data  r e p o r t s  i n  accordance w i t h  t h e  DOE Manual , Chapter 0513. 
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INTRODUCTION 

Under Memorandum of Understanding No. EY-76-A-08-0539* with the U.S. 
Department of Energy ( D O E ) ,  the U.S. Envi ronmental Protection Agency ( E P A )  , 
Environmental Monitoring and Support Laboratory-Las Vegas (EMSL-LV), 
continued i t s -  Off-Si t e  Radio1 ogical Safety Program within the environment 
surrounding the Nevada Test Site (NT-S) and a t  other s i t es  designated by the 
DOE during calendar year 1978. This report, prepared in accordance with the 
DOE Manual, Chapter 0513, contains summaries of the EMSL-LV dosimetry and 
sampl i ng methods and analytical procedures, and the analytical results from 
envi ronrnental sampl es col 1 ected in support of the DOE nucl ear t es t i  ng 
act ivi t ies.  Where applicable, dosimetry and sampling data are compared t o  
appropriate guides for external and internal exposures of humans t o  ionizing 
radi ation. In addition, a brief summary of pertinent, and demographical, 
features of the NTS and the NTS environs i s  presented for background 
information. 

DESCRIPTION OF NEVADA TEST SITE 

The maj'or programs conducted a t  the NTS in the past have been nuclear 
weapons development, proof-testing and weapons safety, testing of peaceful 
uses of nuclear expl osi ves (Project Plowshare) , reactor-engine development for 
nuclear rocket and ram- j e t  appl ications (Projects Pl uto and Rover), basic 
high-energy nuclear physics research, and seismic studies (Vela Uniform). 
During t h i s  report period, these programs were continued with the exception of 
Project Pluto, discontinued in 1964; Project Rover, terminated in January 
1973; Project Pl owshare nuclear t es t s  terminated in 1970; and Vela Uniform 
studies ceased in 1973. All nuclear weapons tes t s  since 1962 were conducted 
underground t o  minimize the possibility of the release of fission products to 
the atmosphere. 

Site Location 

The Nevada Test Site (Figures 1 and 2 )  i s  located in Nye County, Nevada, 
with i t s  southeast corner about 90 km northwest of Las Vegas. The NTS has an 
area of about 3500 km2 and varies from 40-56 km in width (east-west) and from 
64-88 km in length (north-south). This area consists of large basins or f l a t s  
a b o u t  900-1200 m above mean sea level (MSL) surrounded by mountain ranges 
rising t o  1800-2100 m above MSL. 

The NTS i s  surrounded on three sides by exclusion areas collectively named 
the Nellis Air Force Range. The Range, particularly to the north and east,  
provides a buffer zone between the t e s t  areas and public lands. This buffer 
zone varies from 24-104 km between the tes t  area and land that i s  open to the 



F igu re  1. Nevada Test  S i t e  Locat ion.  
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F i g u r e  2. Nevada Test  S i t e  Road and F a c i l i t y  Map. 



publ ic .  Depending upon wind speed and d i r e c t i o n  w i t h i n  t h e  accepted range o f  
t e s t i n g  c r i t e r i a ,  t h i s  provides a  de lay  o f  from 1/2  t o  more than 6  hours 
be fo re  any acc identa l  re lease o f  a i rborne r a d i o a c t i v i t y  cou ld  pass over pub1 i c  
lands. 

C l  imate 

The c l i m a t e  o f  t h e  NTS and surrounding area i s  va r iab le ,  p r i m a r i l y  due t o  
a l t i t u d e  and t h e  rugged t e r r a i n .  General ly,  t h e  c l i m a t e  i s  r e f e r r e d  t o  as 
Cont inental  Ar id .  Throughout t h e  year, the re  i s  i n s u f f i c i e n t  water t o  support 
t r e e  o r  crop growth w i thou t  i r r i g a t i o n .  

The c l i m a t e  may be c l a s s i f i e d  by t h e  types o f  vege ta t ion  which grow under 
these cond i t ions .  According t o  Houghton e t  a1 . (1975), t h i  s  method, developed 
by Koppen's c l a s s i f i c a t i o n  o f  d r y  cond i t ions ,  i s  f u r t h e r  subdivided on th,e 
b a s i s  of temperature and s e v e r i t y  o f  drought. Table 1, from Houghton e t  a1 . , 
summarizes t h e  d i  f f e r e n t  c h a r a c t e r i s t i c s  o f  these c l i m a t i c  types i n Nevada. 

As po in ted ou t  by Houghton e t  a1 . , 90 percent  o f  Nevada's popu la t ion  1  i ves 
i n  areas w i t h  l e s s  than 25 cm o f  r a i n  per year o r  i n  areas which would be 
c l a s s i f i e d  as mid-1 a t i  tude steppe t o  low-1 a t i t u d e  deser t  regions. 

Accordi ng t o  Q u i  r i ng (1968), t h e  NTS average annual p r e c i  p i t a t i o n  ranges 
from about 10 cm a t  t h e  900-m a l t i t u d e  t o  around 25 cm on t h e  plateaus. 
Dur ing t h e  w i n t e r  months, t h e  p lateaus may be snow-covered f o r  per iods o f  
several days o r  weeks. Snow i s  cncommon on t h e  f l a t s .  Temperatures vary 
cons iderab ly  w i t h  e levat ion ,  s l  ope, and 1  ocal a i r  currents.  The average d a i l y  
h i g h  ( low)  temperatures a t  t h e  lower a l t i t u d e s  a re  around 50" (25') F  i n  
January and 95' (55') F  i n  Ju ly ,  w i t h  extreme d a i l y  averages o f  110' F  and 
-15" F. Corresponding temperatures on t h e  p lateaus a r e  35' (25') F i n  January 
and 80' (65') F i n  J u l y  w i t h  extremes o f  100' and -20' F. Temperatures as low 
as -30' F  and h igher  than  115' F have been observed a t  t h e  NTS. 

The wind d i r e c t i o n s ,  as measured on a  30-m tower a t  an observat ion s t a t i o n  
about 9 km NNW o f  Yucca Lake (Table Z), i s  predominantly n o r t h e r l y  except 
d u r i n g  t h e  months o f  May through August when winds from t h e  south-southwest 
predominate. Because of t h e  preva lent  mountai n/val  l e y  winds i n  t h e  basins, 
south t o  southwest winds predominate du r ing  day1 i g h t  hours du r ing  most months. 
Dur ing t h e  w i n t e r  months sou the r l y  winds have on ly  a  s l i g h t  edge over 
n o r t h e r l y  winds f o r  a  few hours du r ing  t h e  warmest p a r t  o f  t h e  day. These 
wind pa t te rns  may be q u i t e  d i f f e r e n t  a t  o the r  l o c a t i o n s  on t h e  NTS because o f  
l o c a l  t e r r a i n  e f f e c t s  and d i f f e rences  i n  e l e v a t i o n  ( Q u i r i n g ,  1968). 

Geol ogy and Hydro1 ogy 

Geological and hydro log ica l  s tud ies  o f  t h e  NTS have been i n  progress by 
t h e  U. S. Geological Survey and var ious o t h e r  organ izat ions  s ince 1956. 
Because o f  t h i  s  con t inu ing  e f f o r t ,  i n c l  ud i  ng subsurface s tud ies  o f  numerous 
boreholes, t h e  sur face and underground geo log ica l  and hydro l  og ica l  
c h a r a c t e r i s t i c s  f o r  much o f  t h e  NTS a re  known i n  considerable d e t a i l .  This i s  
p a r t i c u l a r l y  t r u e  f o r  those areas i n  which underground experiments are 
conducted. A comprehensive summary o f  t h e  geology and hydrol  ogy o f  t h e  NTS 
was e d i t e d  and publ ished by Eckel (1968). 



TABLE 1. CHARACTERISTICS OF CLIMATIC TYPES I N  NEVADA 

Mean Temperature Annual P r e c i p i t a t i o n  
O C cm 

C l imate  (OF) ( inches)  Oomi nant  Percent . , 

Type Winter  Summer ~ o t a l *  Snowfal l  Vegetat ion o f  Area 

A1 p ine  -180 - -go 40 - 100 38 - 114 Medium t o  A1 p i  ne - 9  

tundra  ( 0' - 15') (40' - 50') (15 - 45) heavy meadows 

Humid -lZO - -lo lo0 - 21° 64 - 114 Heavy Pi  ne- f  i r 1 
con t i nen ta l  (10' - 30') (50' - 70') ((25 - 45) , f o r e s t  

C" Subhumid -12O - -lo lo0 - 21° 30 - 64 Moderate Pine o r  scrub 15  
con t i nen ta l  (10' - 300) (50' - 70') (12 - 25) wood1 and 

M i d - l a t i -  -7' - 4' 18' - 27' 15 - 38 L i g h t  t o  Sagebrush, 57 
tude steppe (20' - .40°)  (65' - 80') ( 6 - 15) moderate grass, scrub 

M i d - l a t i -  - 7 ' -  4' 1 8 0 m 2 7 0  8 - 20 L i g h t  
tude deser t  (20' - 40') (65' - 80') ( 3 - 8) 

Greasewood, 2 0 
shad scal e 

Low- l a t i -  -4' - lo0 , 27' - 32' 5 - 2 5  N e g l i g i b l e  Creosote 
tude deser t  (40' - 50') (80' - 90') ( 2 - 10) bush 

*L im i t s  o f  annual p r e c i p i t a t i o n  over lap  because of v a r i a t i o n s  i n  temperature which a f f e c t  t h e  
water  balance. 



TABLE 2. NTS STATION 6 SURFACE WIND SUMMARY* 
2.8 km SE BJYy NTS 

Average 
Percent Wind 

Wind Observed Percent Frequency Speed 
Direction Frequency Frequency Within +-lo0 (m/s) 

360 1778 5.9 17.9 3.7 
350 2066 6.8 18.7 3.4 
340 1825 6.0 16.7 3.3 
330 1188 3.9 12.5 3.5 
320 768 = 2.5 7.9 2.8 
310 456 1.5 5.2 2.5 
3 00 354 1.2 3.5 2.3 
290 258 0.9 2.8 2.4 
280 244 0.8 2.3 2.3 
270 198 0 -7 2.2 2.1 
260 220 0.7 2.3 2.4 
250 281 0.9 2.8 2.6 
240 354 1.2 4.2 3.7 
2 30 6 27 2.1 6.1 4.5 
2 20 862 2.8 8.4 5.2 
210 1055 3.5 10.4 5.4 
200 1225 4.0 12.2 5.6 
190 1415 4.7 12 .9 5.5 
180 1280 4.2 12.9 5.0 
170 1219 4 .O 11.5 4.1 
160 993 3.3 9.9 3.4 
150 800 2.6 8.1 3 .O 
140 678 2.2 6.6 2.6 
130 5 29 1.7 5.3 2.2 
120 414 1.4 4.3 2.0 
110 356 1.2 3 -8 2.2 
100 388 1.3 3.6 2.4 
90 358 1.2 3.6 2.5 
80 361 1.2 3.6 2.3 
7 0 374 1.2 3.8 2.5 
60 415 1.4 4.7 2.6 
5 0 649 2.1 6.2 2.7 
40 81 3 2.7 8.4 3.0 
30 1080 3.6 10.9 4.5 
2 0 1414 4.7 13.5 5 .O 
10 1600 5.3 15.8 4.3 

*All readings are taken 30 m above the surface, which i s  a t  an elevation of 
1225 m above sea level (Quiring, 1979). 



There are  two major  hydro log ic  systems on t h e  NTS (F igure  3).  Groundwater 
i n  t he  northwestern p a r t  o f  t h e  NTS o r  i n  t h e  Pahute Mesa area has been 
repor ted  t o  t r a v e l  somewhere between 2 and 180 m per  yea r  t o  the  south and 
southwest toward t h e  Ash Meadows discharge area i n  t h e  Amargosa Desert 
(ERDA-1551, September 1977). It i s  est imated t h a t  t h e  groundwater t o  t he  east  
o f  t h e  NTS moves from n o r t h  t o  south a t  a r a t e  o f  n o t  l e s s  than 2 nor  g rea ter  
than 220 m per  year.  Carbon-14 acalyses o f  t h i s  eastern groundwater i n d i c a t e  
t h a t  t h e  lower v e l o c i t y  i s  nearer t h e  t r u e  value. A t  Mercury Va l ley ,  i n  t he  
extreme southern p a r t  o f  t h e  NTS, t h e  groundwater f l o w  d i r e c t i o n  s h i f t s  t o  t h e  
southwest toward t h e  Ash Meadows discharge area i n  t h e  southeastern Amargosa 
Val ley .  

The water  l e v e l s  be1 ow t h e  NTS vary from depths o f  about 100 m beneath the  
sur face a t  v a l l e y s  i n  t h e  southeastern p a r t  o f  t h e  s i t e  t o  more than 600 m 
beneath t h e  sur face a t  highlands t o  t h e  nor th.  Although much o f  t h e  v a l l e y  
f i l l  i s  saturated,  downward movement o f  water i s  extremely slow. The pr imary 
a q u i f e r  i n  these format ions i s  t h e  Paleozoic carbonates which u n d e r l i e  t h e  
more recent  t u f f s  and a1 1 u v i  ums. 

Land Use o f  NTS Envi rons 

F igu re  4 i s  a map o f  t h e  off-NTS area showing general l a n d  use. A wide 
v a r i e t y  o f  uses, such as farming, mining, grazing, camping, f i s h i n g ,  and 
hunt ing,  e x i s t  due t o  t h e  va r iab le  t e r r a i n .  For example, w i t h i n  a 300-km 
r a d i u s  west o f  t h e  NTS, e leva t i ons  range from below sea l e v e l  i n  Death Va l l ey  
t o  4420 m above MSL i n  t h e  S i e r r a  Nevada Range. A d d i t i o n a l l y ,  p a r t s  o f  two 
v a l l e y s  o f  major  a g r i c u l t u r a l  importance ( t h e  Owens and San Joaquin) are 
i n c l  uded. The areas south o f  t h e  NTS a r e  more uni  form s ince t h e  Mojave Desert 
ecosystem (mid-1 a t i  tude deser t )  ccnnpri ses most o f  t h i  s p o r t i o n  o f  Nevada, 
Ca l i f o rn ia ,  and Arizona. The areas eas t  o f  t h e  NTS are  p r i m a r i l y  m i d - l a t i t u d e  
steppe w i t h  some o f  t h e  o l d e r  r i v e r  va l leys ,  such as t h e  V i r g i n  R ive r  Va l l ey  
and Moapa Va l ley ,  suppor t ing  smal l-scale bu t  i n t e n s i v e  farming o f  a v a r i e t y  o f  
crops by i r r i g a t i o n .  Grazing i s  a l so  common i n  t h i s  area, p a r t i c u l a r l y  t o  the  
nor theast .  The area n o r t h  o f  t h e  NTS i s  a l s o  m i d - l a t i t u d e  steppe where t h e  
major  a g r i c u l  t u r a l - r e l a t e d  a c t i v i t y  i s  g raz ing  o f  bo th  c a t t l e  and sheep. Only 
areas o f  minor a g r i c u l t u r a l  importance, p r i m a r i l y  t h e  growing o f  a1 fa1  f a  hay, 
a re  found i n  t h i s  p o r t i o n  o f  t he  S ta te  w i t h i n  a d is tance o f  300 km. 

I n  t h e  summer o f  1974, a b r i e f  survey o f  home gardens around t h e  NTS 
showed t h a t  a m a j o r i t y  o f  t h e  res iden ts  grow o r  have access t o  l o c a l l y  grown 
f r u i t s  and vegetables. Approximately two dozen o f  t h e  surveyed gardens w i t h i n  
30-80 km o f  t h e  NTS boundary were se lec ted  f o r  sampling. These gardens 
produce a v a r i e t y  of roo t ,  l e a f ,  seed, and f r u i t  crops (Andrews and 
Vandervort, 1978). 

The o n l y  i n d u s t r i a l  en te rp r i ses  w i t h i n  t h e  immediate off-NTS area a re  31 
a c t i v e  mines and m i l l s ,  two o i l  f i e l d s  a t  Trap Springs and Eagle Springs, as 
shown i n  F igu re  4, and several chemical processing p l a n t s  l oca ted  near 
Henderson, Nevada (about 23 km south o f  Las Vegas). The number o f  employees 
f o r  these opera t ions  va r ies  from one person a t  several small mines t o  several 
hundred workers f o r  t h e  o i l  f i e l d s  n o r t h  o f  NTS and t h e  chemical p l a n t s  a t  
Henderson. Most o f  t h e  i n d i v i d u a l  min ing operat ions i n v o l v e  l e s s  than 10 
workers per  mi ne; however, a few opera t ions  empl oy 100-250 workers. 
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Figure 3 .  Groundwater Flow Systems - Nevada Test Site. 
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F igu re  4. General Land Use, Nevada Test  S i t e  V i c i n i t y .  
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The major body of water close t o  the NTS i s  Lake Mead (100 km southeast) a 
man-made lake supplied by water from the Colorado River. Lake Mead supplies 
about 60 percent of the water used for domestic, recreational, and industrial 
purposes i n  the Las Vegas Valley, and a portion of the water i s  used by 
southern California. Smaller reservoirs and lakes located in the area are 
primarily for irrigation and for livestock. I n  California, the Owens River 
and Haiwee Reservoir feed into the Los Angeles Aqueduct and are the major 
sources of domestic water for the 1.0s Angeles area. 

As indicated in Figure 4, there are many places scattered in al l  
directions from the NTS where such recreational act ivi t ies  as hunting, 
fishing, and camping are enjoyed by both local residents and tourists.  In 
general, the camping and fishing s i tes  to the northwest, north, and northeast 
of the NTS are util  ized throughout t.he year except for the winter months. 
Camping and fishing locations to the southeast, south, and southwest are 
utilized throughout the year with the most extensive act ivi t ies  occurring 
during a1 1 months except the hot summer months. A1 1 hunting i s  generally 
restricted to various times during the l a s t  6 months of the year. 

Dairy farming i s  not extensive within the 300-km-radius area under 
discussion. A survey of milk cows during the summer of 1977 showed 8800 dairy 
cows, 419 family milk goats, and 464 family milk cows in the area. The family 
cows and goats are di stributed in a1 1 directions around the t e s t  s i t e  (Figure 
5 ) ,  whereas the dairy cows (Figure 6) are primarily located southeast of the 
t e s t  s i t e  (Moapa River Val ley, Nevada; Virgin River Val ley, Nevada; and Las 
Vegas, Nevada), northeast (Lund area),  and southwest (near Barstow, 
Cal i fornia) . 

Grazing of beef ca t t l e  and sheep i s  the most common use of the land in th i s  
area. Approximately 350,000 beef ca t t l e  and 160,000 sheep (Utah Dept. of 
Agriculture, 1978) were produced within the 300-km radius surrounding the t e s t  
s i t e  during th i s  report period. The distribution of the beef ca t t l e  and sheep 
by county are shown in Figures 7 and 8, respectively. 

Population Distribution 

The populated area of primary concern around the NTS which i s  sampled and 
monitored by surveillance networks i s  shown in Figure 9 as the area within a 
300-km radius of the NTS Control P o i n t  ( C P - I ) ,  except for the areas west of 
the Sierra Nevada Mountains and in the southern portion of San Bernardino 
County. Based upon the projections for the year 1977 by the U.S. Bureau of 
the Census and the 1978 projections for Washoe and Clark Counties by the 
University of Nevada (Reno), Figure 9 shows the current population of counties 
in Nevada and  pertinent portions of the States of Arizona, California, and 
Utah. Las Vegas and vicinity i s  the only major population center within the 
inscribed area of Figure 9. With the assumption that  the total populations of 
the counties bisected by the 300-km radius l i e  within the inscribed area, 
there i s  a population of about 548,100 people 1 iving within the area of 
primary concern, about 70 percent of which l ives in the Las Vegas urbanized 
area. If the urbanized area i s  not considered in determining population 
density, there are about 1.5 persons per mi2. For comparison, the United 
States (50 s ta tes ,  1970 census) has a population density of 57 persons per 
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F i g u r e  5. Loca t i on  and Number o f  Fami ly  M i l k  Cows and Goats. 
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F igu re  6. Locat ion  and Number o f  Da i r y  Cows. 
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Figure 7 .  D i s t r i b u t i o n  o f  Beef Ca t t l e  by County. 



Figure 8. Dis t r ibut ion of Sheep by County. 
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F i g u r e  9. Popul a t i o n  of Arizona, C a l i f o r n i a ,  Nevada, and 
Utah Counties Near t h e  Nevada Test S i te .  



square m i le ,  and t h e  o v e r a l l  Nevada average from t h e  1977 es t imate  i s  6.2 
persons per m i 2 .  

The o f f - s i  t e  areas w i t h i n  about 50 m i  o f  t h e  NTS a re  predomi n a n t l y  r u r a l  . 
Several small communities are  located i n  t h e  area, t h e  l a r g e s t  being i n  t h e  
Pahrump Val 1 ey. Th is  growing r u r a l  communi ty, w i t h  an est imated populat ion o f  
about 3600, i s  l oca ted  about 45 m i  south o f  t h e  NTS CP-1. The Arnargosa Farm 
area has a popu la t ion  o f  about 1000 and i s  l oca ted  about 31 m i  southwest o f  
CP-1. The Spring Meadows Farm area, 1 ocated about 35 mi southwest o f  CP-1, 
cons is ts  o f  approximately 4000 square m i les  w i t h  a t o t a l  popu la t ion  o f  about 
15. The l a r g e s t  town i n  t h e  near o f f - s i t e  area i s  Beat ty  w i t h  a popu la t ion  o f  
about 600; i t  i s  l oca ted  about 65 km t o  t h e  west o f  CP-1. 

I n  t h e  adjacent states,  t h e  Mojave Desert o f  C a l i f o r n i a ,  which inc ludes 
Death Val 1 ey Nat ional  Monument, 1 i es a1 ong t h e  southwestern border o f  Nevada. 
Accordi ng t o  t h e  Cal i f o r n i a  Populat ion Research U n i t  (1979) , t h e  populat ion 
w i t h i n  t h e  Monument boundaries v a r i e s  considerably from season t o  season from 
a minimum o f  1400 permanent res idents  i n  t h e  area du r ing  t h e  summer months t o  
as many as 15,000 t o u r i s t s  and campers i n  t h e  area on any p a r t i c u l a r  day 
du r ing  t h e  major ho l i day  per iods i n  t h e  w i n t e r  months. The l a r g e s t  town and 
contiguous populated areas i n  t h i s  general area i s  Barstow, l oca ted  265 km 
south-southwest o f  t h e  NTS, w i t h  a popu la t ion  o f  about 25,200. The next  
l a r g e s t  populated area i s  t h e  Ridgecrest-China-Lake area (20,000), about 
190 km Southwest o f  t h e  NTS. The Owens Val ley,  where numerous small towns are 
located,  l i e s  about 50 km west o f  Death Val ley.  The l a r g e s t  town i n  Owens 
Va l ley  i s  Bishop, l oca ted  225 km west-northwest o f  t h e  NTS, w i t h  a populat ion 
o f  about 5300 i nc lud i  ng contiguous populated areas. 

The extreme southwestern reg ion o f  Utah i s  more developed than t h e  
adjacent p a r t  o f  Nevada. The l a r g e s t  town, Cedar C i t y ,  w i t h  a popu la t ion  o f  
10,711, i s  l oca ted  280 km east-northeast  o f  t h e  NTS. The next  l a r a e s t  
c&uni ty  i s  St. George, l oca ted  220 km east  o f  t h e  NTS, w i t h  a populat ion o f  
9051. 

The extreme northwestern reg ion o f  Arizona i s most1 y undevel oped range 
land w i t h  t h e  except ion o f  t h a t  p o r t i o n  i n  t h e  Lake Mead Recreation Area. 

Several small re t i rement  communities are  found a1 ong t h e  Colorado River, 
p r i m a r i l y  a t  Lake Mojave and Lake Havasu. The l a r g e s t  town i n  t h e  area i s  
Kingman, l oca ted  280 km southeast o f  t h e  NTS, w i t h  a popu la t ion  o f  about 8000. 

AIRBORNE RELEASES OF RADIOACTIVITY AT THE NTS DURING 1978 

During t h i s  r e p o r t  period, o n l y  underground nuc lear  detonat ions were 
conducted. A1 1 detonat ions were contained. However, d u r i  ng r e - e n t r y  d r i l l  i ng 
operat ions, occasional 1 ow 1 eve1 releases o f  a i rborne r a d i o a c t i v i t y ,  p r i m a r i l y  
radioxenon, d i d  occur. According t o  informat ion provided by t h e  Nevada 
Operat ions Of f i ce ,  DOE, t h e  fo l l ow ing  q u a n t i t i e s  o f  rad ionuc l i des  were 
re leased i n t o  t h e  atmosphere dur ing CY 1978: 



TABLE 3. TOTAL AIRBORNE RADIONUCLI'DE RELEASES 
AT THE NEVADA TEST SITE 

Quant i t y  Re1 eased 
Radionucl i d e  (C i  ) 

0.369 
Tota l  115.4921 

There i s  a  cont inuous low- leve l  re lease o f  t r i t i u m  and krypton-85 on t h e  NTS. 
T r i t i u m  i s  re leased p r i m a r i l y  f rom t h e  Sedan c r a t e r  and by evaporat ion from 
ponds formed by dra inage o f  water from tunnel  t e s t  areas i n  t h e  Ra in ie r  Mesa. 
Krypton-85 s lowly  seeps t o  t h e  surface from underground t e s t  areas. The 
q u a n t i t y  o f  r a d i o a c t i v e  seepage has no t  been quan t i f i ed ,  b u t  has been detected 
a t  o n - s i t e  sampling l o c a t i o n s  and occas iona l l y  a t  off-NTS loca t i ons .  

DESCRIPTION OTHER TEST SITES 

Table A-1 1 i s t s  t h e  names, dates, l oca t i ons ,  y i e l d s ,  depths, and purposes 
of a11 underground nuc lear  t e s t s  conducted a t  l o c a t i o n s  o ther  than t h e  NTS. 
No off-NTS nuc lear  t e s t s  were conducted dur ing  t h i s  r e p o r t  per iod. 

For  t h e  purpose of t h i s  r e p o r t  a  l a r g e  body o f  da ta  and a n c i l l a r y  
in fo rmat ion  which i s  t oo  bu l ky  f o r  i n c l u s i o n  i n  t he  r e p o r t  has been placed i n  
t h e  Appendices. Where poss ib le  t h i s  i n fo rma t i on  has been summarized e i t h e r  i n  
some o f  t h e  t e x t  t a b l e s  o r  i s  discussed d i r e c t l y  i n  t h e  repo r t .  I n  some 
i nstances, f o r  t h e  convenience o f  readers who r e q u i r e  t h e  more d e t a i l e d  
in format ion,  re ferences t o  t h e  appendices w i l l  be inc luded i n  t h e  t e x t .  



SUMMARY 

During 1978, t h e  moni tor ing  o f  gamma r a d i a t i o n  l e v e l s  i n  t h e  environs o f  
t h e  NTS was cont inued through the  use o f  an o f f - s i t e  network o f  r a d i a t i o n  
dosimeters and gamma-rate recorders. Concentrat ions o f  rad ionuc l i des  i n  
p e r t i  nent env i  ronmental media were a1 so cont inuous ly  o r  pe r iod ica l  l y  monitored 
by es tab l i shed  a i r ,  m i l k ,  and water sampling networks. Before each 
underground nuc lear  detonation, mobi-le r a d i a t i o n  monitors, equipped w i t h  
r a d i a t i o n  moni tor ing  instruments and sampl i n g  equipment, were on standby . i n '  
off-NTS l o c a t i o n s  t o  respond t o  any accidental  re lease o f  a i rborne 
r a d i o a c t i v i t y .  An a i r p l a n e  was a i rborne near t h e  t e s t  area a t  detonat ion  t ime 
t o  t r a c k  and sample any re lease which might occur. 

A1 1  r a d i o a c t  i v i  ty from t h e  underground nuc lear  t e s t s  was contained except 
f o r  a  t o t a l  o f  about 115 c u r i e s  (C i )  o f  r a d i o a c t i v i t y  which was repor ted by 
DOEINV as be i  ng re1 eased i n t e r m i t t e n t l y  throughout t h e  year by post-shot 
d r i l l i n g  operat ions, and small undetermined amounts o f  radioxenon, t r i t i u m ,  
and krypton-85 which s lowly  seep t o  the  sur face from t h e  underground t e s t  
areas. 

The on ly  off-NTS i n d i c a t i o n  o f  t h i s  r a d i o a c t i v i t y  was xenon-133 
(concentrat ion,  6.5 x 10'11 $3/rnl) i n  an a i r  sample c o l l e c t e d  a t  Diablo, 
Nevada, du r ing  t h e  pe r iod  A p r i l  19 t o  26 and t r i t i a t e d  hydrogen (HT) i n  two 
a i r  samples c o l  l e c t e d  a t  Ind ian Springs, Nevada, du r ing  t h e  per iods November 
13 t o  20 (2.4 x  10- l1 pCi/ml) and November 27 t o  December 4 (1.8 x  10- l1  
C m l  ) . The est imated who1 e-body dose equ iva lents  est imated t o  a  
hypothet ica l  recep to r  a t  these loca t ions  were est imated t o  be 6.2 microrem 
(prem) a t  D iab lo  and 5.8 microrem (prem) a t  Ind ian  Springs. Based upon t h e  
respec t i ve  populat ions a t  these locat ions ,  6 persons and 1500 persons, t h e  
dose commitment(*) was est imated t o  be 0.000037 person-rem a t  D iab lo  and 
0.0087 person-rem a t  Ind ian  Springs. As Diab lo  i s  beyond t h e  80 km-radius o f  
t h e  NTS Cont ro l  Po in t ,  t h e  80-km dose commitment would be 0.0087 person-rem. 

A l l  o t h e r  measurements of r a d i o a c t i v i t y  made by t h e  O f f - S i t e  Rad io log ica l  
Safety Program were a t t r i b u t e d  t o  n a t u r a l l y  occur ing r a d i o a c t i v i t y  o r  
worldwide f a l l o u t  and n o t  r e l a t e d  t o  underground nuc lear  t e s t  operat ions 
du r ing  t h i s  r e p o r t  period. R a d i o a c t i v i t y  from t h e  atmospheric nuclear t e s t s  
by t h e  Peopl e '  s  Republ i c  o f  China on March 15, 1978, a t  0100 hours, EST, and 
December 14, a t  0100 hours, EST, was detected on f i l t e r  samples o f  t h e  A i r  
Surve i l l ance  Network c o l l e c t e d  i n  March, A p r i l ,  and December. The t e s t s  
r e s u l t e d  i n increases o f  a i rborne r a d i o a c t i v i t y  and t h e  s p e c i f i c  rad ionuc l  i d e s  
i den t i  f i  ed by t h e  A i r  Survei 1  1 ance Network were z i  r c o n i  urn-95, mol oybdenum-99, 
ruthenium-103, iodine-131, te l lur ium-132,  cesium-137, barium-140, cerium-141, 
and c u r i  um-144. 

I*) Product o f  est imated average dose equ iva lent  and populat ion.  



The Long-Tern Hydro1 ogi cal Monitoring Program used t o  monitor radi onucl ide 
concentrat ions in surface and groundwaters which are down the hydro1 ogic 
gradient from s i t e s  of past underground nuclear t e s t s  was continued f o r  the 
NTS and eight other s i t e s  located elsewhere in Nevada, Alaska, Colorado, New 
Mexico, and Mississippi. 

Radioactivity from past underground nuclear t e s t s  was observed only in 
surface or  well water samples a t  the Project Dribble s i t e  near Baxterville, 
Mississippi, and a t  the Project Long Shot s i t e  on Amchitka Island, Alaska. A t  
Project Dribble s i t e ,  the water sample collected from the Half Moon Creek 
Overflow had a t r i t ium concentration (2.7 x 1 0 ' ~  pCi/ml) tha t  was higher 
than background. A special survey for t r i t ium in subsurface soil moisture, a t  
t h i s  s i t e  during the  periods September 1 2  t o  19, 1977, and April 18 t o  27, 
1978, revealed s ignif icant  t r i t ium contamination below the ground surface; 
the  highest t r i t ium concentration found was 1.0 x 1 0 ' ~  pCi/ml in soil  
moisture a t  a depth of 10 f t  in a d r i l l ed  hole 25 f t  southeast of surface 
ground zero. This value i s  30 percent of the Concentration Guide (3.0 x 
pCi/ml ) for an individual in a control led or uncontrolled area and i s  50 times 
the maximum permissible level fo r  t r i t ium s e t  by the EPA Drinking Water 
Regulations (2.0 x 1 0 ' ~  vCi/ml), although the ground water in t h i s  area i s  
not used f o r  drinking. 

The source of t r i t ium i s  believed t o  be the residual from the post-shot 
d r i l l i ng  operations and not from leakage of radioactivity from the detonation 
cavity a t  a depth of 2700 f t .  All of the t r i t ium contamination was confined 
to the subsurface. None was detected i n  any surface water other than the Half 
Moon Creek Overflow nor i n  any of the of f -s i te  we11 samples. No o f f - s i t e  
residents are suspected of being exposed to the waterborne tri t ium. The 
nearest populated area to  the s i t e  i s  a residence, which i s  about 1 mile 
sout h-southwest of surface ground zero. 

The above background concentrations of t r i t ium found in several water 
samples collected from shal low wells and surface waters a t  the Project Long 
Shot s i t e  on Amchitka Island, Alaska, ranged from 2.8 x 10 '~  pCi/ml t o  7.3 x 
lom6 pCi/ml. This range in concentrations i s  comparable to  tha t  found i n  
samples collected during 1977 by EPA and during previous years by the U.S. 
Geological Survey and the  University of Washington. The highest t r i t ium 
concentration was found to be only 0.24 percent of the Concentration Guide. 
This water i s  not used f o r  drinking purposes, therefore t h i s  t r i t ium 
contamination was found to  pose no radio1 ogical hazard. 



MONITORING DATA COLLECTION, ANALYSIS, AND EVALUATION 

The major portion of the Off-Site Radiological Safety Program for the NTS 
consisted of continuously operated dosimetry and a i r  sampl ing networks and 
scheduled collections of milk and water samples a t  locations surrounding the 
NTS. Before each nuclear test ,  mobi le  monitoring personnel were positioned in 
the off-site areas most likely t o  be exposed t o  a possible release of 
radioactive materi a1 . These monitors, equipped with radiation survey 
instruments, gamma exposure-rate recorders, thermoluminescent dosimeters 
(TLD' s )  , portable air  sarnpl ers, and suppl ies for collecting environmental 
samples, were prepared t o  conduct a monitoring program directed from the NTS 
Control Point (CP-1) via two-way radio communications. I n  addition, for each 
event a t  the NTS, a U.S. Air Force aircraft with two Reynolds Electrical and 
Engineering Company monitoring personnel equi pped with portable radiation 
survey instruments was airborne near surface ground zero t o  detect and track 
any radioactive effluent. One EMSL-LV cloud sampling and tracking aircraft 
was a1 so available t o  obtain in-cloud samples, assess t o t a l  cloud volume, and 
provide long-range tracking in the event of a release of airborne 
radioactivity. 

This report contains descriptions for each surveillance network and 
i nterpretations of the analytical results. These analytical results are 
summarized (maximum, minimum, and arithmetic average concentrations) in 
Appendix A. Where appropriate, the arithmetic averages in the tables are 
compared t o  the applicable DOE Concentration Guides (CG's) listed in Appendix 
B . Unless speci fical ly stated otherwi se, a1 1 concentration averages are 
arithmetic averages. 

For "grab" type samples, radionuclide concentrations were corrected for 
radioactive decay by extrapolating t o  the appropriate collection date. 
Concentrations determined over a period of time were extrapolated t o  the 
mid-point of the collection period. Beginning in 1978, concentration averages 
were calculated from each measured concentration including those less t h a n  the 
m i  nimum detectable concentration ( M D C )  . During prior years, concentration 
averages were cal cul ated assumi ng t h a t  each concentration 1 ess t h a n  the MDC 
was equal t o  the MDC. Due t o  the large number of radionuclides t h a t  can be 
present below the MDC in a i r ,  those concentrations less t h a n  the MDC were 
assumed t o  be zero for the computation of concentration averages, and only 
those radionuclides detected during the year were averaged by the above new 
met hod and rep0 r t  ed . 

Beginning in 1978, the definition of the minimum detectable concentration 
for all analyses was redefined as the total counting error resulting from the 
sum of a 5 percent Type I error (accepting the presence of radioactivity when 
none i s  present) and a 5 percent Type I1 error (failure t o  recognize the 



presence of r a d i o a c t i v i t y  when i t  i s  present).  Th is  e s s e n t i a l l y  increased t h e  
MDC's about a f a c t o r  o f  two compared w i t h  t h e  MDC values used i n  p r i o r  years, 
def ined as t h e  two-sigma counting e r r o r  f o r  determinat ions t h a t  were equal t o  
o r  l e s s  than t h e  two-sigma e r ro r .  

QUALITY ASSURANCE 

The q u a l i t y  assurance program f o r  l abora to ry  analyses cons is ts  o f  a 
combination o f  instrumental  qual i t y  c o n t r o l  procedures, t h e  anal y s i  s of 
r e p l i c a t e  samples t o  measure prec is ion,  and t h e  ana lys i s  o f  cross-check 
samples from an independent 1 aboratory t o  measure t h e  accuracy o f  analyses. 

The i nstrumental qual i t y  c o n t r o l  procedures consi s t  o f  c a l  i b r a t  ion,  
background qual i ty c o n t r o l  , and ref6rence standard qual i ty con t ro l .  

The count ing systems are  c a l i b r a t e d  by using a standard rad ionuc l i de  
so lu t i ons  obtained from t h e  Q u a l i t y  Assurance Branch a t  EMSL-LV o r  i n  some 
cases d i r e c t l y  from t h e  Nat ional  Bureau o f  Standards. These standards are  
then made up i n t o  t h e  appropr iate count ing  standards; several d i f f e ren t  
geometries f o r  gamma counting, planchets w i t h  vary ing th ickness o f  s o l i d s  fo r  
gross a1 pha-beta and s t r o n t i  um analyses by gas propor t iona l  counting, 1 i q u i d  
s c i  n t i l  l a t i o n  v i a l s  w i t h  t h e  appropr ia te  s c i  n t i l  l a n t  f o r  l i q u i d  s c i n t i l l a t i o n  
counting, and e l e c t r o p l a t e d  sources f o r  a1 pha spectroscopy. These standards 
a re  used t o  determine t h e  counting e f f i c i e n c y  o f  t h e  var ious detec tors  using 
t h e  same cond i t i ons  used t o  count t h e  samples. 

The dosimetry system used f o r  measuring ex terna l  gamma r a d i a t i o n  exposures 
w i t h  thermol umi nescent dosimeters (TLD' s )  i s  c a l i b r a t e d  by exposing TLD' s t o  a 
known amount o f  r a d i a t i o n  and reading them out  a t  t imed i n t e r v a l s  fo r  
comparison w i t h  any g iven batch of TLD's being read ou t  under normal operat ing 
condi t ions.  The TLD's exposed t o  a known q u a n t i t y  o f  r a d i a t i o n  def ines  t h e  
1 i n e a r  r e l a t i o n s h i p  between t h e  exposure measured i n  mR and TLD 
thermoluminescence i n  nanocoulombs. The known r a d i a t i o n  exposure used t o  
c a l i b r a t e  t h e  TLD's i s  determined from t h e  t h e o r e t i c a l  est imate of t h e  gamma 
f i e l d  from t h e  r a d i a t i o n  source and actual  measurements o f  t h e  gamma f i e l d  by 
using an i o n  chamber. Both t h e  r a d i a t i o n  source and t h e  i o n  chamber are 
c a l  i brated by  an i ndependent organi t a t  i o n  i n  accordance w i t h  procedures t h a t  
a re  t raceab le  t o  t h e  Nat ional  Bureau o f  Standards. 

Background qual i ty c o n t r o l  f o r  a1 1 1 aboratory . systems i s maintained by t h e  
pe r iod ic  background measurements f o r  each system. The backgrounds are  p l  o t t e d  
on c o n t r o l  c h a r t s  t o  check t rends and t o  determine whether, i n d i v i d u a l  
measurements a r e  w i t h i n  requ i red l i m i t s .  Background q u a l i t y  con t ro l  i s  
e s p e c i a l l y  impor tant  on instruments such as alpha spectrometers and germanium 
diodes where t h e  backgrounds are extremely low. 

Q u a l i t y  c o n t r o l  f o r  reference standards i s  basical l ] .  t h e  same f o r  a l l  
l a b o r a t o r y  instruments although the  d e t a i l s  o f  a p p l i c a t i o n  are  d i f f e r e n t .  A 
reference standard i s  one which produces a cons is tent  response f o r  t h e  
instrument w i t h  which i t  i s  used. The idea i s  t o  p l o t  on a q u a l i t y  c o n t r o l  
cha r t  t h e  r e p r o d u c i b i l i t y  ( w i t h i n  1 i m i t s )  o f  instrument response versus time. 



The response f o r  p lanchet  and l i q u i d  s c i n t i l  l a t i o n  counters i s  a count r a t e  o f  
t h e  standard. For gamma and alpha spectrometers several responses are  
p l  o t t e d  , i .e. , count  ra te ,  energy f o r  each peak 1 oca t ion  from a mu1 t i -peaked 
standard, d i  f f e rence(s )  i n  energy between peaks, and r e s o l  u t i o n  o f  t h e  peaks. 
Fo r  t h e  dosimetry system, t h e  response i s  t h e  luminescence, measured i n  
coul  ombs, from a constant  1 i g h t  source. 

The p r e c i s i o n  o f  t h e  1 aboratory analyses as i n f l  uenced by sampl i ng, 
a n a l y t i c a l  e r rors ,  and count ing e r ro rs ,  i s  est imated through a program o f  
r e p l  i c a t e  ana lys i s  and sampling. About 10 percent o f  t h e  r o u t i n e  samples a re  
s p l i t ,  and t h e  p a i r s  are  bo th  analyzed i n d i v i d u a l l y  t o  o b t a i n  an es t imate  o f  
t h e  a n a l y t i c a l  and count ing e r r o r s  combined. The t o t a l  e r r o r ,  t h e  above 
e r r o r s  p l u s  any sampling e r r o r ,  i s  est imated from r e p l  i c a t e  sampling. About 
10 percent o f  t h e  sampling work1 oad . i s  c o l l e c t e d  i n  dupl i ca te ,  except f o r  t h e  
dosimetry network, i n  which s i x  r e p l i c a t e  exposures are  assessed f o r  each 
l o c a t i o n .  The r e s u l t s  o f  t h e  r e p l i c a t e  sampling program (Appendix C) a re  then 
used t o  i d e n t i f y  those r e s u l t s  t h a t  are  s i g n i f i c a n t l y  d i f f e r e n t  than those 
obtained i n  t h e  past. 

Accuracy checks a r e  made by t h e  ana lyz ing 1 aboratory in tercompar i  son 
samples provided by t h e  Qual i t y  Assurance Branch, EMSL-LV (EPA 1979). These 
i ntercompari  son samples a re  s imulated environmental samples con ta in ing  known 
amounts o f  one o r  more radionucl ides.  The i ntercomparison samples are 
analyzed by t h e  l a b o r a t o r y  and t h e  r e s u l t s  a re  sent t o  t h e  Qual i t y  Assurance 
Branch f o r  s t a t i s t i c a l  ana lys i s  and comparison w i t h  t h e  known value and 
a n a l y t i c a l  va l  ues obtained by o the r  p a r t i c i p a t i n g  1 abora tor ies .  The 
i ntercanpar isons are  performed bimonthly, quar te r l y ,  and semiannually, 
depending upon t h e  type o f  sample. A r e p o r t  and a c o n t r o l  c h a r t  f o r  each type 
o f  ana lys i s  a re  re turned t o  each p a r t i c i p a n t .  The i d e n t i t i e s  o f  t h e  
p a r t  i c i  pants a re  coded w i t h  each p a r t i c i  pant knowing h i s  own code, but  not  
those o f  t h e  o t h e r  p a r t i c i p a n t s .  The r e p o r t  sent t o  each p a r t i c i p a n t  l i s t s  
t h e  i ndi  v idua l  r e s u l t s  (analyses are  done i n  tri p l  i c a t e )  , t h e  mean and t h e  
experimental standard d e v i a t i o n  o f  t h e  th ree  r e s u l t s ,  t h e  mean range p l u s  the  
standard d e v i a t i o n  o f  t h e  range, t h e  known value, and t h e  number o f  standard 
d e v i a t i o n s  o f  each p a r t i c i p a n t ' s  mean value from t h e  grand average o f  a l l  
r e s u l t s  and f rom t h e  known value. 

I n  general,  t h e  1978 analyses were w i t h i n  acceptable l i m i t s ,  except f o r  
t h e  stront ium-89 and stront ium-90 analyses i n  m i l k  and water. However, none 
o f  t h e  a n a l y t i c a l  r e s u l t s  were d i f f e r e n t  from t h e  known values by more than 25 
percent.  Intercompar i  son resu l  t s  f o r  1978 a r e  summarized i n  t h e  Appendix 
(Table A-3). 

AIR SURVEILLANCE NETWORK 

The A i r  Surve i l  lance Network (ASN) was operated by t h e  EMSL-LV t o  moni tor  
environmental 1 eve ls  o f  r a d i o a c t i v i t y  and t o  de tec t  any a i rbo rne  re lease of 
r a d i o a c t i v i t y  from NTS operat ions. The Network cons is ted o f  49 a c t i v e  and 73 
standby sampling s t a t i o n s  loca ted  i n  21 Western Sta tes  (Figures 10 and 11). 
Samples o f  a i rbo rne  p a r t i c u l a t e s  were c o l l e c t e d  a t  each a c t i v e  s t a t i o n  on 
10-cm diameter, g l a s s - f i b e r  f i l t e r s  from a i r  vo l  umes t o t a l i n g  500 t o  1200 m3 



- 

Figure 10. Air Surveillance Network - Nevada. 



Figure  11, A i r  Surve i l lance Network - Outside Nevada. 



o f  a i r  a t  standard pressure. The f i l t e r s ,  which a re  99.9 percent  e f f i c i e n t  
f o r  p a r t i c l e s  50.3 um i n  diameter, were c o l l e c t e d  t h r e e  t imes per week, 
r e s u l t i n g  i n  48- o r  72-hour samples from each a c t i v e  s ta t i on .  Ac t i va ted  
charcoal c a r t r i d g e s  d i r e c t l y  behind t h e  g l a s s - f i b e r  f i l t e r s  were used 
r e g u l a r l y  f o r  t h e  c o l l e c t i o n  o f  gaseous rad io iod ines  a t  21 s t a t i o n s  near t h e  
NTS. Charcoal c a r t r i d g e s  cou ld  have been added t o  a l l  o the r  s t a t i o n s  and a l l  
standby s t a t i o n s  cou ld  have been ac t i va ted ,  i f  necessary, by  telephone request 
t o  s t a t i o n  opera tors  o r  by f i e l d  personnel. A l l  a i r  samples ( f i l t e r s  and 
c a r t r i d g e s )  were mai led  t o  t h e  EMSL-LV f o r  analys is .  Speci a1 r e t r i e v a l  cou ld  
have been arranged a t  se lec ted  l o c a t i o n s  i n  t h e  event o f  a r a d i o a c t i v e  
re1 ease. 

Dur ing t h e  year ,  t h e  standby s t a t i o n s  were a c t i v a t e d  q u a r t e r l y  t o  check 
t h e  opera t ion  o f  t h e  samplers and t o  ma in ta in  t h e  expe r t i se  o f  Network s t a t i o n  
operators. I n  a n t i c i  p a t i o n  o f  a i rbo rne  r a d i o a c t i v i t y  from t h e  atmospheric 
nuc lear  t e s t s  by t h e  People 's  Republ ic o f  China on March 15, 1978, a t  0100 
hours and on December 14, 1978, a t  0100 EST, 66 o f  t h e  standby s t a t i o n s  were 
a c t i v a t e d  w i t h  f i l t e r s  and charcoal c a r t r i d g e s  d u r i n g  t h e  per iods  March 17 
through A p r i l  7  and December 15, 1978, through January 5, 1979. 

During t h i s  r e p o r t  per iod,  no a i rbo rne  r a d i o a c t i v i t y  r e l a t e d  t o  t h e  
underground nuc lear  t e s t i n g  program a t  t h e  Nevada Test  S i t e  was detected on 
any sample from t h e  ASN. However, r a d i o a c t i v i t y  from t h e  nuc lear  t e s t s  by t h e  
People 's  Republ i c  o f  China was detected on t h e  f i l t e r s  and charcoal 
ca r t r i dges .  Appendix D summarizes t h e  a n a l y t i c a l  r e s u l t s  o f  those samples 
c o n t a i n i  ng r a d i o a c t i v i t y  from Chinese t e s t s .  

NOBLE GAS AND TRITIUM SURVEILLANCE NETWORK 

The Noble Gas and T r i t i u m  Surve i l l ance  Network, which was f i r s t  
es tab l i shed  i n  A p r i l  1972, mon i to rs  t h e  a i rbo rne  l e v e l s  o f  r a d i o k r y  ton ,  
radioxenon, and t h r e e  forms o f  t r i t i u m  ( 3 H ) - - t r i t i a t e d  hydrogen (HT ! , 
tri ti ated water  (HTO) , and tri t i a t e d  methane (CH3T). The Network cons i  s t s  o f  
f o u r  s t a t i o n s  on and seven off-NTS shown i n  F igu re  12. Area 51, which appears 
t o  be o f f  NTS, i s  considered t o  be on NTS as i t  i s  an access-contro l led area 
w i t h  rad io1  o g i c a l  s a f e t y  support prov ided by NTS personnel. 

The equipment used i n  t h i s  Network i s  composed o f  two separate systems, a 
compressor-type a i r  sampler and a molecular  s ieve sampler. The 
compressor-type equipment cont inuous ly  samples a i r  over a 7-day pe r iod  and 
s t o r e s  i t  i n  two pressure tanks. The tanks toge the r  ho ld  approximate ly  2 
cub ic  meters o f  a i r  a t  atmospheric pressure. They a re  replaced weekly and 
re turned t o  t h e  EMSL-LV where t h e  contents o f  t h e  tanks  are  analyzed f o r  
krypton-85, radioxenons, and t r i t i a t e d  methane by gas chromatography and 
1 i q u i d - s c i  n t  il l a t i o n  count ing techniques (Table A-2). 

A mo lecu lar  s ieve i s  used t o  c o l l e c t  water  samples from a i r .  A p r e f i l t e r  
i s  used t o  remove t h e  p a r t i c u l a t e s  p r i o r  t o  passage o f  t h e  a i r  through a 
s e r i e s  o f  mo lecu lar  s ieve columns. Approximately 5 cubic meters o f  a i r  a re  
passed through each sampler over a 7-day sampling per iod.  The HTO absorbed on 
t h e  f i r s t  mo lecu lar  s ieve column i s  recovered and t h e  concent ra t ion  of t r i t i u m  
i n  pCi/ml o f  sampled a i r  i s  determined by l i q u i d - s c i n t i l l a t i o n  count ing  



Figure 12. Noble Gas and Tritium Surveillance Network. 



techniques. The t r i t ium which passes through the f i r s t  column as f ree  
hydrogen (HT) i s  oxidized t o  water and collected on the l a s t  molecular sieve 
column. The HT concentration i s cal cul ated from the t r i  t i  urn concentration in 
the oxidized t r i t ium (water) recovered from the l a s t  column. 

Table A-4 summarizes the resul t s  of t h i s  Network by l i s t i n g  the maximum, 
mi nimum, and average concentrations fo r  krypton-85, xenon-133, and tri t ium as 
methane, as t r i t i a t e d  water or as t r i t i a t e d  hydrogen. The annual average 
concentrations f o r  each s tat ion were cal cul ated over the time period sampled 
using a1 1 values less  than the MDC. A1 1 concentrations of krypton-85, 
xenon-133, t r i t ium a s  t r i t i a t e d  methane, t r i t ium a s  t r i t i a t e d  water, and 
t r i t ium as  HT are  expressed in the same unit ,  pCi/ml of a i r ,  Since the 
t r i t ium concentration in a i r  may vary by factors of 15-20 while the 
concentration in  pCi/ml of atmospheric water varies by factors  up  t o  about 7 ,  
the t r i t ium concentration in pCi/ml of atmospheric moisture i s  also given in 
the table  as a more re l iab le  indicator in cases when background concentrations 
of HTO are  exceeded. 

As shown in Table 4 ,  the average concentration of krypton-85 for  the year 
a t  a l l  s ta t ions  was the same (2.0 x 10-l1 ~ C i l r n l ) ,  except for  BJY (2.2 x 
10-l1 pCi/ml ) , which i s  s ignif icant ly different  than the Network average a t  
the 95% and 99% confidence levels.  The average concentration a t  t h i s  s tat ion 
has been the highest in the Network more often than a t  any other station. 
This probably r e su l t s  from i t s  central location on the NTS where seepage of 
the  noble gases from past underground nuclear detonations i s  suspected. As 
shown in Table 4 and Figure 13, the average concentration of krypton-85 for  
the whole Network has gradually increased since sampling was in i t ia ted  in 

TABLE 4. ANNUAL AVERAGE KRYPTON-85 CONCENTRATIONS IN AIR, 1972-1978 

Locations 

Concentration, 10 l UCi /ml 

1972 1973 1974 1975 1976 1977 1978. 

Death Val ley Jc t . ,  Calif. 
Beatty, Nev. 
Diablo, Nev. 
Hiko, Nev. 
Indian Springs, Nev. 
Las Vegas, Nev. 
Mercury, NTS, Nev. 
Area 51, NTS, Nev. 
BJY, NTS, Nev. 
Area 1 2 ,  NTS, Nev. 
Tonopah, Nev. 

Network Average 



Year 

F igu re  13. Trend i.n Annual Network Concentrat ions o f  
Krypton-85 1972-1978. 

1972. T h i s  increase observed a t  a1 1 s t a t i o n s  probably r e f 1  e c t s  t h e  worldwide 
increase i n  ambient concent ra t ions  r e s u l t i n g  from t h e  p r o l i f e r a t i o n  o f  nuc lear  
technology. 

The maximum concen t ra t i on  o f  krypton-85 f o r  a l l  s t a t i o n s  ranged from 2.4 x 
10'11 p C i / m l  t o  2.9 x 10 - l1  pCi/ml (Table A-4). As shown by t h e  F igu re  
14, these h igher  concent ra t ions  and a l l  t h e  o t h e r  concent ra t ions  f o r  t h e  
Network s t a t i o n s  combined f o l l  owed a 1 og-normal d i s t r i b u t i o n  w i t h  a geometric 
mean o f  2.01 x 10-11 pCi/ml and a geometric s tandard d e v i a t i o n  o f  1.1. As 
t h e  expected geometr ic standard d e v i a t i o n  o f  t h e  krypton-85 measurements 
a t t r i b u t e d  t o  sarnpl i ng/ana ly t i ca l / coun t ing  e r r o r s  was determined t o  be 1.2 
f rom t h e  d u p l i c a t e  sampling program (Appendix C) , t h e  v a r i a t i o n  i n  t h e  
krypton-85 concen t ra t i ons  throughout t h e  Network appears t o  be caused 
p r i m a r i l y  by t h e  e r r o r s  i n  i t s  measurement. 

Xenon-133 was detec ted above i t s  MDC o f  about 4 x 10"' p C i / m l  a t  t h e  
1 ocat ions,  d u r i n g  t h e  periods, and a t  t h e  concent ra t ions  shown i n  t h e  
f o l l o w i n g  t a b l e :  



Geometric Mean = 2.01 x 10-11 uci/ml 
Geometric Standard Deviation = 1 .1 
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F i g u r e  14. D i s t r i b u t i o n  o f  Network Concentrat ions o f  Krypton-85. 

TABLE 5. CONCENTRATIONS OF AIRBORNE XENON-133 DETECTED ON AND OFF NTS 

Loca t i on  
Sampl i ng 

Per iod  

Xenon-133 Concentrat ion 
+ 2 Sigma Counting E r r o r  

(X10-l2 pCi/ml ) 

Di ablo. Nev. 4/19-26 65 + 4.0 
~ e r c u r y ,  NTS, Nev. 

Area 51, NTS, Nev. 

BJY, NTS, Nev. 

* Th is  h i g h  va l  ue r e s u l t e d  from post -shot  d r i l l  i ng operat ions.  

As shown i n  Table 5, xenon-133 was detected on t h e  NTS and a t  o n l y  one 
l o c a t i o n  o f f  t h e  NTS, namely Diablo,  NV. Th is  concen t ra t i on  measured a t  
Diablo,  i f  i t  had p e r s i s t e d  throughout t h e  year,  would have been on l y  0.065 
percent o f  t h e  CG (Appendix B). 

'As i n  t h e  past ,  t r i t i u m  as HTO i n  atmospheric mois tu re  samples was 
g e n e r a l l y  a t  background concentrat ions,  below. t h e  MDC of 3 t o  4 x  
p C i / m l  a t  a l l  off-NTS s t a t i o n s  and a t  t h e  on-NTS s t a t i o n s  a t  Mercury and 



Area 51. Occasional increases in concentrations appear to  be a part of the 
normal fluctuations in background. The on-NTS stations a t  BJY and Area 12 
continued t o  have concentrations consistently above background; the 
concentration averages for these stations were factors of 7 t o  15 times the 
averages for a1 1 off-NTS stations. 

The average concentrations of trituim as HT (Table A-4) a t  the off-NTS 
stations were comparable to those observed in 1977. During 1978 the averages 
ranged from <6 x 10-l3 pCi/ml t o  1.8 x 10'12 pCi/ml whereas in 1977 the 
averages ranged from <6 x 10-l3 pCi/ml to <2 x 10-I' pCi/ml. From a 
review of the cumulative frequency distributions of the data for each station, 
two samples collected a t  Indian Springs had concentrations of 2.4 x 10-l1 
pCi/ml and 1.8 x 10-l1 pCi/ml during the respective periods November 13 to  
20 and November 27 t o  December 4,  which did not appear to be a p a r t  of the 
background. If the highest of these concentrations had persisted for the 
year, the exposure of off-NTS residents would have been 0.036 percent o f , the  
CG . 

The concentrations of tritium as t r i t i a ted  rnethame were generally below 
the MDC of 4 x 10-l2 pCi/ml a t  all  locations as normally observed. 
Detectable concentrations were observed in two samples collected a t  Beatty, 
Nevada; however, based upon the cumulative frequency distribution for the 
t r i t i a t ed  methane concentrations for the total Network, the concentrations 
appeared to be p a r t  of the background. 

DOSIMETRY NETWORK 

The Dosimetry Network i s  comprised of then01 umi nescent dosimeters placed 
a t  78 locations and gamma exposure rate recorders placed a t  31 locations 
around the NTS for the p u r  ose of measuring environmental background levels of 
gamma radiation (Figure 15 ! . From an accurate measurement of the 
envi romental background radiation rate a t  each monitoring location, any 
exposure in excess of background due to  NTS testing operations can be 
determined. 

Thermoluminescent Dosimeters 

A t  1 ocations within a 270-km radius of the center of the NTS, 
thermol uminescent dosimeters were placed a t  inhabited and uninhabited 
locations. Each Dosimetry Network station was equipped with three Harshaw ' 

Model 2271-62 (TLD200) dosimeters, which were routinely exchanged on a 
quarterly basis. Within the general area covered by the dosimetry stations, 
25 cooperating off-site residents each wore a dosimeter, which was exchanged 
a t  the same time as the station dosimeters. 

The Model 2271-62 dosimeter consists of two small "chips" of 
dysprosium-activated calci um f1 uoride mounted in a window of Teflon plastic 
attached t o  a small aluminum card. An energy compensation shield of 1.2-mm 
thick cadmium metal i s  placed over the card containing the chips, and the 
shielded card i s  then sealed i n  an opaque plastic card holder. Three of these 
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dosimeters are  placed i n  a secured, rugged p l a s t i c  housing 1 meter above 
ground l e v e l  a t  each s t a t i o n  t o  standardize t h e  exposure geometry. 

A f t e r  appropr ia te  c o r r e c t i o n s  were made for  background exposure 
accumulated du r ing  shipment between t h e  labora to ry  and t h e  mon i to r ing  
l o c a t i o n ,  the  dosimeter readings f o r  each s t a t i o n  were averaged. The average 
value f o r  each s t a t i o n  was then compared t o  the  value f o r  t h e  past  year  t o  
determine whether t h e  new value was w i t h i n  t h e  range o f  previous background 
va l  ues f o r  t h a t  s t a t i o n .  Any v a l  ues s i g n i f i c a n t l y  g r e a t e r  than previous 
va l  ues would have 1 ed t o  ne t  exposure c a l c u l a t i o n s .  Val ues s i g n i f i c a n t l y  l e s s  
than  t h e  previous year  would have been examined t o  determine p o s s i b i l i t y  o f  
reading o r  hand l ing  e r ro rs .  The r e s u l t s  from each o f  t h e  personnel dosimeters 
were canpared t o  t h e  background value o f  t h e  nearest  s t a t i o n  t o  determine 
whether a net  exposure had occurred, 

The smal les t  exposure i n  excess o f  background r a d i a t i o n  which may be 
determined from these dosimeter readings depends p r i m a r i l y  on v a r i a t i o n s  i n  
t h e  na tu ra l  background exposure r a t e  a t  t h e  p a r t i c u l a r  s t a t i o n .  I n  t h e  
absence of o t h e r  independent exposure r a t e  measurements, i t  i s  necessary t o  
compare t h e  present exposure r a t e  w i t h  past  data which have been accepted as 
represent ing  t h e  na tu ra l  background. T y p i c a l l y ,  t h e  smal les t  net  exposure 
observable f o r  a 90-day mon i to r ing  pe r iod  would be 5 t o  15 mR i n  excess of 
background, which ranges from 15 t o  35 mR depending on loca t ion .  The term 
"background," as used i n  t h i s  context ,  r e f e r s  t o  n a t u r a l l y  occur r ing  
r a d i o a c t i v i t y  p lus  a c o n t r i b u t i o n  from res idua l  man-made f i s s i o n  products. 

Table A-5 l i s t s  t h e  maximum, minimum, and average dose equ iva lent  r a t e  
(mremlday) measured a t  each s t a t i o n  i n  t h e  Network du r ing  1978 due t o  
pene t ra t i ng  gamma r a d i a t i o n .  No a1 lowance was made f o r  t h e  small a d d i t i o n a l  
dose due t o  t h e  neutron component o f  t h e  cosmic r a y  spectrum. As shown by 
Table A-4, no s t a t i o n  e x h i b i t e d  an exposure i n  excess o f  background, which 
under present c r i t e r i a  i s  de f ined  as t h e  99 percent upper confidence 1 i m i t  o f  
t h e  environmental background. 

S t a t i o n  changes were made i n  t h e  Network due t o  unusua l ly  h igh  background 
l e v e l s  found a t  Ca l ien te  and Stone Cabin as shown i n  Table A-5. A cesium-137 
c a l i b r a t i o n  source f o r  an LSI recorder  was discovered near t h e  Ca l ien te  TLD 
s t a t i o n .  The s t a t i o n  was moved away f rom t h e  recorder  so t h a t  t h e  TLD' s were 
no longer  exposed t o  t h e  c a l i b r a t i o n  source. A r a d i a t i o n  survey was performed 
a t  Stone Cabin Ranch, which had t h e  h ighest  dose r a t e  i n  1977, and i t  was 
determined t h a t  t h e  stone b u i l d i n g  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  exposure 
o f  t h e  TLD's. When t h i s  s t a t i o n  was moved away from t h e  cabin,  t h e  background 
r a t e  decreased s u b s t a n t i a l l y .  The s t a t i o n  a t  Desert Oasis was abandoned a t  
t h e  end o f  f i r s t  q u a r t e r  1978 and a new s t a t i o n  a t  Glendale was es tab l i shed  3 
m i l e s  eas t  o f  t h e  Desert Oasis l oca t ion .  The Pine Creek s t a t i o n  cou ld  not  be 
reached d u r i n g  January 1979 due t o  unusual ly  heavy snowfal l ;  t h e  TLD's w i l l  
remain on s t a t i o n  u n t i l  t h e  f i r s t  quar te r  exchange i n  A p r i l  1979. 

Table 6 shows t h e  average annual dose r a t e  f o r  t h e  Dosimetry Network t o  be 
c o n s i s t e n t  w i t h  t h e  Network average es tab l i shed  i n  1975 w i t h  t h e  except ion o f  
t h e  1977 average. Mechanical problems i n  readout procedures du r ing  t h e  second 
quar te r  o f  1977 caused a h igh  b i a s  i n  t h e  data which increased t h e  Network 



TABLE 6. DOSIMETRY NETWORK SUMMARY 
FOR THE YEARS 1971-1978 

Envi ronmental Radi a t  i on Dose Rate (mrem/y) 

Year Maxi mum M i  n i  mum Average 

average. The data f o r  second quar te r  1977, cou ld  not  be adjusted t o  
compensate f o r  these problems. The general decreasing t r e n d  from 1971 t o  1975 
and t h e  l e v e l i n g  o f f  s ince 1975 shown by t h e  Network average i s  i n d i c a t i v e  o f  
t h e  t r e n d  e x h i b i t e d  by i n d i v i d u a l  s ta t i ons .  

Gamma Exposure Rate Recorders 

A network o f  13 f u l l - t i m e  and 18 standby s t a t i o n a r y  gamma exposure r a t e  
recorders (F igu re  15) was a1 so used a t  selected a i r  sampling l o c a t i o n s  t o  
document any changes i n  t h e  ambient exposure ra te .  The de tec to r  cons is ts  o f  a 
2.5 by  30.5 cm constant -cur rent  i o n i z a t i o n  chamber ( f  il l e d  w i t h  methane) and 
operates on e i t h e r  115 V a.c. o r  a se l f -conta ined b a t t e r y  pack. Data a re  
recorded on .a paper s t r i p  chart .  These instruments hav.e a range from 0.004 
mR/h t o  40 mR/h w i t h  an accuracy o f  about + l o  percent. . The standby recorders 
were a c t i v a t e d  on a r o u t i n e  q u a r t e r l y  b a s i s  t o  ensure t h e  recorders were 
func t iona l .  No increase i n  exposure r a t e s  a t t r i b u t a b l e  t o  cu r ren t  NTS 
opera t ions  was detec ted by t h e  r o u t i n e  recorders. 

MILK SURVEILLANCE NETWORK 

M i l k  i s  o n l y  one source f o r  t h e  d i e t a r y  i n t a k e  o f  environmental 
r a d i o a c t i v i t y .  However, i t  i s  a very convenient i n d i c a t o r  o f  t h e  general 
popu la t ion ' s  i n t a k e  o f  b i o l o g i c a l  1y s i g n i f i c a n t  rad ionuc l  i d e  contaminants. 
For  t h i s  reason i t  i s  monitored on a r o u t i n e  basis. Few f i s s i o n  product 
rad ionuc l  i des  become incorporated i n t o  t h e  m i l k  as a r e s u l t  o f  t h e  s e l e c t i v e  
metabolism of t h e  cow. However, those t h a t  are  incorpora ted are very  
impor tant  f rom a r a d i o l o g i c a l  h e a l t h  standpoint  and a re  a very s e n s i t i v e  
measure o f  t h e i r  concentrat ions i n  t h e  environment. The s i x  most common 
f i s s i o n  product rad ionuc l i des  which can occur i n  m i l k  are  t r i t i u m ,  
strontium-89, stront ium-90, iodine-131, cesium-137 and barium-140. A seventh 
rad ionuc l  ide, potassium-40, a1 so occurs i n  m i l  k a t  a reasonably constant  
concen t ra t i on  o f  about 1.2 x l o v 6  v C i / m l  . Since t h i s  i s  a na tu ra l  l y  
occur r ing  rad ionuc l i de ,  i t has n o t  been inc luded i n  t h e  a n a l y t i c a l  r e s u l t s  
summarized i n  t h i s  sect ion. 
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The m i l k  s u r v e i l l a n c e  networks operated by t h e  EMSL-LV were t h e  r o u t i n e  
M i l k  Surve i l l ance  Network (MSN) and t h e  Standby M i l k  Surve i l lance Network 
(SMSN). The MSN, du r ing  1978 (F igu re  16), cons is ted o f  23 d i f f e r e n t  l o c a t i o n s  
where 3.8-1 i t e r  m i l k  samples were c o l  l e c t e d  t o  represent  f a m i l y  cows, 
commerci a1 pasteur ized m i l k  producers, Grade A raw m i  1 k intended f o r  
pas teu r i za t ion ,  and Grade A raw m i l k  f o r  l o c a l  consumption. I n  t h e  event o f  a 
re lease o f  a c t i v i t y  from t h e  NTS, i n t e n s i v e  sampling would have been conducted 
i n  t h e  a f f e c t e d  area w i t h i n  a 480-km rad ius  o f  CP-1, NTS, t o  assess t h e  
r a d i  onucl i d e  concent ra t ions  i n  m i  1 k, t h e  r a d i a t i o n  doses t h a t  coul d r e s u l t  
from t h e  i n g e s t i o n  o f  t h e  m i l k ,  and t h e  need f o r  p r o t e c t i v e  ac t ion .  Samples 
a r e  c o l l e c t e d  from m i l k  supp l ie rs  and producers beyond 480 km w i t h i n  t h e  SMSN. 

Dur ing 1978, 75 m i l k  samples were c o l l e c t e d  from t h e  MSN on a q u a r t e r l y  
c o l  1 e c t i o n  schedul e. As samples o f  . m i l  k cou ld  n o t  be c o l l  ected a t  t h e  
Manzanie Ranch, another sampl i ng 1 oca t ion  i s  being sought. Samples cou ld  no t  
be c o l l e c t e d  a t  a l l  o f  t h e  o ther  l o c a t i o n s  due t o  t h e  u n a v a i l a b i l i t y  o f  m i l k  
o r  COWS. 

Each MSN m i l k  sample was analyzed f o r  gamma-emitters, strontium-89, and 
stront ium-90. Samples c o l l e c t e d  a t  s i x  l o c a t i o n s  from t h e  MSN were a1 so 
analyzed f o r  t r i t i u m .  Table A-2 l i s t s  t h e  general a n a l y t i c a l  procedures and 
d e t e c t i o n  1 i m i  t s  fo r  these analyses. 

The SMSN consi s ted o f  about 150 Grade A m i l k  processing p l a n t s  i n  a1 1 
Sta tes  west o f  t h e  M i  s s i s s i p p i  River .  Managers o f  these f a c i l i t i e s  cou ld  be 
requested by t e l  ephone t o  c o l  1 e c t  raw m i  1 k samples represent ing  m i  1 k sheds 
supply ing m i l k  t o  t h e  p lants.  Since t h e r e  were no re leases o f  r a d i o a c t i v i t y  
f rom t h e  NTS o r  o the r  t e s t  l oca t ions ,  t h i s  network was n o t  a c t i v a t e d  except t o  
request  one sample f r a n  most o f  t h e  l o c a t i o n s  t o  check t h e  readiness and 
r e l i a b i l i t y  o f  t h e  network. Dur ing t h e  months o f  May and June, 120 m i l k  
sampl es were c o l  l e c t e d  and analyzed by gamma spectrometry. Sampl es se l  ected 
from each o f  t h e  Western States were a l s o  analyzed f o r  t r i t i u m ,  strontium-89, 
and strontium-90. 

The a n a l y t i c a l  r e s u l t s  o f  m i l k  samples c o l l e c t e d  from t h e  MSN dur ing  1978 
a re  summarized i n  Table A-6, where t h e  maximum, minimum, and average 
concent ra t ions  o f  t h e  t r i t i u m ,  strontium-89, strontium-90, iodine-131, and 
cesium-137 i n  samples c o l  l e c t e d  du r ing  t h e  year are  shown f o r  each sampl i n g  
l o c a t i o n .  As shown i n  Table 7, t h e  average rad ionuc l i de  concent ra t ions  f o r  
t h e  whole Network are  comparable t o  those f o r  t h e  SMSN, i f  n o t  s l i g h t l y  lower. 
As mentioned i n  t h e  Q u a l i t y  Assurance Section, t h e  stront ium-90 analyses f o r  
both  networks were found t o  be biased low by 25 percent. 

LONG-TERM HYDROLOGICAL MONITOR1 NG PROGRAM 

Dur ing t h i  s r e p o r t i n g  per iod,  EMSL-LV personnel cont inued t h e  c o l  l e c t i o n  
and a n a l y s i s  o f  water samples from we1 1 s, spr ings,  and spr ing- fed sur face 
water  sources which a re  down t h e  hydro log ic  g rad ien t  o f  t h e  ground water a t  
t h e  NTS and a t  off-NTS s i t e s  o f  underground nuc lear  detonat ions t o  moni tor  f o r  
any m i g r a t i o n  of t e s t - r e l a t e d  rad ionuc l i des  through t h e  movement o f  ground 
water. The water samples were c o l l  ec ted from we1 1 heads o r  sp r ing  discharge 
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TABLE 7. SUMMARY OF RAD IONUCL IDE CONCENTRATIONS FOR MILK SURVEILLANCE 
NETWORK AND STANDBY SURVEILLANCE NETWORK 

Concentrations ( lom9 pCi/ml) 
No. of 

Network Radi onucl i de Sampl es c ~ a x  C M ~  n CAV g 

MSN H 
8 9 

9 0 
S r 

1 3 7  
S r 
Cs 

SMSN 

points wherever possible. Prior t o  each sampling a t  a well head, water was 
pumped from the aquifer t o  assure the collection of representative samples. If 
pumps were not  avai 1 abl e ,  an el ectrical-mechanical water sampler capable of 
collecting 3-1 i t e r  samples a t  depths t o  1800 m was used. 

Nevada Test Site 

For the NTS, attempts were made t o  sample 10 locations monthly and 20 
1 ocations semi-annual ly (Figures 17 and 18). Additional ly, samples were 
collected annually from 12 locations. Not all stations could be sampled with 
the desired frequency because of inclement weather conditions or inoperative 
pumps. 

For each sampled location, samples of raw water, filtered water, and 
filtered and acidified water were collected. The raw water samples were 
analyzed for tritium. Portions of the filtered and acidified samples were 
given radiochemical analyses by the criteria summarized in Table A-7. Table 
A-2 summarizes the analytical techniques used. Each f i l t e r  was a1 so analyzed 
by gamma spectrometry. 

The analytical results for all samples collected and analyzed during this 
reporting period are shown in Appendix A and were compared with the CG's in 
Appendix B. The analyses for strontium-89, stronti um-90, radi um-226, 
uranium-234, uranium-235, uranium-238, plutonium-238, and plutonium-239, 
which were normally done a t  least once during the year on a sample from each 
location, were not made unless the levels of gross alpha and gross beta 
radioactivity in any sample showed an unexpected increase (See Tab1 e A-7). 
No increases were observed in the gross a1 pha and gross beta radioactivity 
during the year; therefore, no additional analyses were required. The ranges 
in radioactivity were <2  x lom9 pCi/ml t o  1.6 x pCi/ml and <4  x lom9 
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F igu re  17. On-Si t e  Long-Term Hydro1 ogi cal Monitoring Program, 
Nevada Tes t  S i t e .  
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Figure 18. Of f -S i te  Long-Term Hydrological  Moni tor ing Program, 
Nevada Test S i te .  



p C i / m l  t o  4.6 x vCi/ml, respec t i ve l y .  (See Appendix Tables A-7, A-10 
and Appendix B). 

As shown i n  previous years, t h e  t r i t i u m  detected i n  NTS Well s C and C - 1  i s  
a t t r i b u t e d  t o  t r a c e r  experiments conducted p r i o r  t o  t h e  commencement o f  t h i s  
s u r v e i l  lance program. A1 1 tri t i  um concentrat ions were be1 ow 0 .O1 percent o f  
t h e  Concentrat ion Guide f o r  an occupational l y  exposed person. (See Appendix 
Tables A-8 and A-9). 

The concent ra t ions  o f  t r i t i u m  i n  t h e  water samples c o l l e c t e d  from Well 
U3CN-5 (ranged from <9 x 10" p C i / m l  t o  2.8 x l o e 7  vCi /ml) ,  Well B (ranged 
from 1.7 x p C i / m l  t o  2.5 x l o m 7  pCi/ml), Sharp Ranch (1.8 x 
pCi /ml)  and Adaven Spring (1.2 x pCi/ml) were g rea te r  than t h e  
concent ra t ion  range o f  a1 1 t h e  othev sampled we1 1 s on and around t h e  NTS (<9 x 

vCi/rnl t o  4.7 x pCi/ml).  As t h e  h igher  t r i t i u m  concentrat ions 
were comparable t o  t h e  range i n  concent ra t ions  observed i n  sur face water, 
which can be a poss ib le  contaminant o f  ground water, no f u r t h e r  i n v e s t i g a t i o n  
was warranted. The concent ra t ion  o f  t r i t i u m  i n  a major sur face water i n  
Southern Nevada, t h e  Colorado River ,  as repor ted by t h e  EPA O f f i c e  o f  
Rad ia t ion  Programs, ranged from 5 x p C i / m l  t o  7 x p C i / m l .  

Other Test  S i t e s  

The annual c o l  l e c t i o n  and rad io1 og ica l  ana lys i s  o f  water samples were 
cont inued f o r  t h i s  program a t  a l l  off-NTS s i t e s  o f  underground nuclear 
detonat ions.  The p r o j e c t  s i t e s  a t  which samples were c o l l e c t e d  are  Pro jec t  
Gnane near Carlsbad, New Mexico; P ro jec t  Faul t l e s s  i n  Centra l  Nevada; P r o j e c t  
Shoal near Fa l l on ,  Nevada; P r o j e c t  Gasbuggy i n  Rio A r r i b a  County, New Mexico; 
P r o j e c t  Ru l ison near R i f l e ,  Colorado; P ro jec t  D r i b b l e  a t  Tatum Dome, 
M i s s i s s i p p i  ; P r o j e c t  R i  o Blanco near Meeker, Colorado; and Pro jec ts  Long 
Shot IMi l  row/Canniki n on Amchitka I s1  and, Alaska. F igures 17 through 31  
i d e n t i f y  t h e  sampling 1 ocations, and Table A-1 1 i s t s  a d d i t i o n a l  i n fo rmat ion  on 
t h e  l o c a t i o n  o f  each s i t e  and t e s t s  performed a t  these loca t ions .  The 
sampling l o c a t i o n s  a t  these p r o j e c t  s i t e s  remained t h e  same except fo r  t h e  
P r o j e c t  M i l  row s i t e  and t h e  background l o c a t i o n s  on Amchitka Is land,  Alaska. 
A t  t h e  P r o j e c t  Mi l row s i t e ,  Wells W-4, W-7, W-13, and W-18 were added t o  t h e  
sampling schedule. For t h e  background loca t ions ,  t h e  sampl i ng 1 oca t ion  Army 
We1 1 No. 1 was added and M i l e  27 Stream and t h e  Base Camp Maintenance B u i l d i n g  
were omit ted.  

A l l  samples were analyzed i n  accordance w i t h  t h e  same c r i t e r i a  (Table A-7) 
as fo r  samples c o l l e c t e d  on and around t h e  NTS. The r e s u l t s  o f  a l l  analyses 
a r e  l i s t e d  o r  summarized i n  Table A-11  and compared t o  t h e  appropr ia te  CG's 
(Appendix B) . As t h e  speci a1 analyses ( s t r o n t i  um-89 and -90, radon-226, 
uranium-234,- 235 and -238, plutonium-238 and -239) on samples from P r o j e c t  
R io  Blanco were n o t  completed i n  t ime f o r  l a s t  y e a r ' s  repor t ,  t h e  r e s u l t s  f o r  
these analyses are l i s t e d  i n  Table A-12. The on ly  r a d i o a c t i v i t y  detected by 
these analyses was t h e  n a t u r a l l y  occur r ing  iso topes o f  uranium and 
stront ium-90 (1.7 x l o m 9  p C i / m l )  i n  t h e  sur face water  sample c o l l e c t e d  from 
Fawn Creek, 8400 f t  Downstream. The stront ium-90 was a t t r i b u t e d  t o  worldwide 
atmospheric f a 1  l o u t .  



F igure  19. Long-Term Hydrological  Moni tor ing  Program, P r o j e c t  
Gnane/Coach, Carlsbad, New Mexico. 
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Figu re  20. Long-Term Hydrological Monitoring Program, P r o j e c t  
Shoal , Fa1 1 on, Nevada. 
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F igure  21. Long-Term Hydro1 og i  ca l  Moni tor ing  Program, P r o j e c t  
Dr ibb le IM i  r a c l e  Play, V i c i n i t y  o f  Tatum S a l t  Dome, 

M i  s s i  s s i  pp i  . 
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Figu re  22. Long-Term Hydro1 ogica l  Monitoring Program, P r o j e c t  
Dribble/Miracle  P lay ,  Tatum S a l t  Dome, Mis s i s s ipp i .  
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F i g u r e  23. Long-Term Hydro log ica l  Mon i to r i ng  program, P r o j e c t  
D r i b b l  e /M i rac le  Play, Tatum Dome, M i s s i s s i p p i .  
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Figure 24. Long-Term Hydro1 ogi cal Monitoring Program, Ri o Arri ba 
County, New Mexico, Project Gasbuggy. 

4 5 



SCALE IN KILOMETERS 

La& 
SCALE IN MILES 

0 5 

Figure 25. Long-Term Hydro1 ogi ca l  Moni tor ing Program, Pro jec t  
R u l  i son, R u l  i son, Col orado. 
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Figure  26. Long-Term Hydro1 ogica l  Monitoring Program, F a u l t l e s s  
Event, Cent ra l  Nevada T e s t  Area. 
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Figure 27. Long-Term Hydro1 ogical  Monitoring Program, Projec t  

Rio Blanco, Rio Blanco County, Colorado. 
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Figure  28. Long-Term Hydro1 og ica l  Monitoring Program, P r o j e c t  
Canni k in ,  Amchitka I s l a n d ,  Alaska. 



i F i g u r e  29, Long-Term Hydro log ica l  Mon i to r ing  Program, P r o j e c t  M i l  row, hchi t k a  Is1 and, Alaska. 
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Figure  31. Long-Term Hydrological Monitoring Program, Background 
Sampling, Arnchitka I s l a n d ,  Alaska. 



As reported i n previous annual reports, concentrations of radioactivity 
above background 1 eve1 s were observed in samples coll ected from USGS We1 1 s 4 
and 8 near Malaga, New Mexico (Table A-11, Project Gnome). These we1 l s ,  which 
are fenced, posted, and locked to prevent their  use by unauthorized personnel, 
were contaminated by the injection of higher concentrations of tritium, 
strontium-90 and cesium-137 (USGS We1 1 8 only) for a tracer study. 

A1 1 of the other sampled we1 1 s showed. no unexplained increase in gross 
a1 p h a  or gross beta radioactivity. The water sample collected a t  Flowing We1 1 
near Frenchman, Nevada, (Table A-11, Project Shoal) had a higher than normal 
beta concentration of 1.6 x uCi/ml ; however, the gamma spectrometry 
analysi s on th i s  sample identified naturally occurring potassi um-40 and ' 

radon-222 daughter products as the sources of radioactivity. Except for the 
anomalous low gross beta concentrati-on in 1976 (<5 x 1 0 ' ~  uCi/ml), the gross 
beta concentration in the annual samples collected from th i s  location since 
1972 have ranged from 3.8 x 1 0 ' ~  uCi/ml to  9.4 x los8 pCi/ml. With the 
exclusion of the Flowing Well sample, the gross alpha and gross beta 
concentration ranges for all the off-NTS s i tes  were, respectively, (2 x 10" 
uCi/ml t o  (4.0 x lo'* pCi/ml and <6 x uCi/ml t o  4.5 x uCi/ml. 

The concentrations of tritium in samples collected a t  a1 1 1 ocations were 
similar to those observed in samples collected in the past. The concentration. 
of tritium (2.7 x 10-6 pCi/ml) in the surface water sample collected from 
the Half Moon Creek Overflow a t  the Project Dribble s i t e ,  Ta tum Dome, 
Mi ssi ssippi , was again higher than background levels observed in Off-site 
surface water samples (6.2 x 10 '~  uCi/ml t o  7.6 x lo-* uCi/ml). 
Exploratory surveys in April 1977 found the tritium to  be coming from 
subsurface soil contaminated with tritium which was suspected to be the 
residual fran post-shot dril  ling operations following two underground nuclear 
detonations, Salmon in 1964 and Sterl ing in 1966. 

To determine the extent t o  which the subsurface soil was contaminated, 
soil and water samples were collected from four-inch-diameter holes augered to  
the water table on 25-, 50-, and 100-foot grids around surface ground zero. 
Each sample was analyzed on-site for conductivity, pH, and tritium. The 
results of th i s  investigation, conducted during the September 12 t o  19, 1977, 
and April 18 t o  27, 1978, were reported in detail (DOE,  1978). As cited in 
th i s  report ( D O E ,  1978), the area contaminated by tritium a t  the water table 
measures about 1,225 f t  north to south and 960 f t  east to west. The surface 
ground zero i s  located slightly east of the center of the contaminated area. 
Within the contaminated area, there are five areas ( total l ing 2 acres) t h a t  
had tritium concentrations in soil moisture or ground water t h a t  were equal t o  
o r  exceeded 2.0 x uCi/ml. 

The highest concentration of tritium observed, 10 '~  pCi/ml , was obtained 
from soil moisture recovered from a soil sample collected in Hole 67, a t  a 
depth of 10 f t .  This hole was located approximately 25 f t  southeast of Well 
PS-1 (Figure 23), which was sealed during post-shot d r i l l  i ng operations. 
Although th i s  water i s  n o t  used as drinking water, t h i s  concentration i s  30 
percent of the CG for an individual in a control 1 ed or uncontroll ed area and 
50 times the maximum contaminant level a t  the EPA Drinking Water Regulations 
(Appendix B )  . 



To determine the  d i s t r i b u t i o n  of t r i t i u m  w i t h  depth t o  t h e  water  tab le ,  a 
we1 1 (PS-3) was d r i l l e d  and sampled t o  142 ft; however, t h e  water t a b l e  was 
never reached (DOE, 1978). As t h e  s o i l  mois ture  samples c o l l e c t e d  from t h e  
upper 43 ft o f  t h e  format ion o v e r l y i n g  Tatum Dome i n  t h i s  we l l  contained a l l  
o f  t h e  t r i t i u m  contaminat ion (2.5 x p C i / m l  t o  9.7 x 10 '~  pCi/ml),  
except f o r  a few low l e v e l  samples (5.0 x 10 '~  p C i / m l  t o  9.0 x 
pCi /ml)  c o l l e c t e d  a t  depths between 93 f t  and 142 ft, t h e  source o f  t h e  
t r i t i u m  i s be l ieved  t o  be from d r i l l  i ng opera t ions  and i s  n o t  suspected t o  be 
caused by upward leakage o f  r a d i o a c t i v i t y  from t h e  event c a v i t y  a t  a depth o f  
2700 ft (DOE 1978). 

For t h e  purpose o f  mon i to r ing  t h e  t r i t i u m  concent ra t ions  i n  t h e  o n - s i t e  
subsurface s o i l  moisture, 11 holes 4 inches i n  diameter were augered by EPA 
personnel a t  t h e  l o c a t i o n s  shown i n  F igure  23, l i n e d  w i t h  4-inch-diameter 
p l a s t i c  casing, and capped above t h e  ground surface. Beginning i n  A p r i l  1978, 
water samples from these l o c a t i o n s  w i l l  be c o l l e c t e d  and analyzed f o r  t r i t i u m  
q u a r t e r l y  f o r  1 year. I f  no s i g n i f i c a n t  increase i n  r a d i o a c t i v i t y  
concen t ra t i on  i s  observed i n  samples c o l l e c t e d  a t  any o f  t h e  loca t ions ,  t h e  
l o c a t i o n s  w i l l  be sampled annual ly.  The a n a l y t i c a l  r e s u l t s  f o r  t h e  samples 
c o l l e c t e d  f rom t h e  HMH l o c a t i o n s  and We1 1 PS-3 a re  l i s t e d  i n  Appendix \-13. 
As shown by t h e  tab le ,  t h e  h ighest  t r i t i u m  concent ra t ion  was 4.5 x 10' 
p C i / m l  i n  t h e  sample c o l l e c t e d  from HMH-1. A l l  o f  t h e  t r i t i u m  contaminat ion 
was conf ined t o  t h e  subsurface. None was detected i n  any sur face water o r  
o f f s i t e  we l l  o the r  than the  on -s i te  Half-Moon Creek Overflow. No o f f - s i t e  
r e s i d e n t s  a re  suspected o f  being exposed t o  t h e  waterborne t r i t i u m .  As 
mentioned e a r l i e r ,  t h e  nearest  populated area i s  a s i n g l e  residence which i s  
about 1 m i l e  south-southwest o f  sur face ground zero. To make c e r t a i n  t h a t  t h e  
subsurface t r i t i u m  contaminat ion had no t  entered an a q u i f e r  which i s  used by 
o f f - s i t e  res idents ,  arrangements a re  being made between representa t ives  o f  t h e  
Department of Energy, Nevada Operat ions O f f i c e ,  t h e  S ta te  o f  M i s s i s s i p p i  and 
t h e  EPA t o  extend We1 1 PS-3 t o  t h e  l o c a l  a q u i f e r  and t o  implement f u r t h e r  
changes t o  t h e  environmental s u r v e i l  lance program f o r  t h e  P r o j e c t  D r i b b l e  
s i t e .  

The concen t ra t i on  o f  t r i t i u m  i n several water samples c o l  l e c t e d  from 
shal low w e l l s  and sur face waters a t  t h e  P r o j e c t  Long Shot s i t e  on Amchitka 
I s land ,  Alaska, were a l so  above background leye ls .  These samples, which had 
t r i t i u m  concent ra t ions  rang ing from 2.8 x 10' p C i / m l  t o  7.3 x 10 '~ 
p C i / m l  , were c o l l e c t e d  from every l o c a t i o n  a t  t h e  p r o j e c t  s i t e  except f o r  Reed 
Pond (Table A-11). The observed concent ra t ions  are  comparable t o  those 
repor ted  e a r l i e r  by t h e  U.S. Geological Survey (Bal lance, 1974; Thordarson and 
Bal lance, 1976) and t h e  U n i v e r s i t y  o f  Washington (Nel son and Seymour, 1977). 
The h ighest  t r i t i u m  concent ra t ion  was found t o  be o n l y  0.24 percent  o f  the  CG. 
The water i n  t h i s  area i s  n o t  used f o r  d r i n k i n g  purposes, there fore  t h e  
contaminat ion was found t o  pose no rad io1 og ica l  hazard. 

WHOLE-BODY COUNTING 

Eighteen f a m i l i e s  c o n s i s t i n g  o f  59 res iden ts  from 12 l o c a t i o n s  near t h e  
NTS were examined t w i c e  dur ing t h e  y e a r  t o  determine i n d i v i d u a l  body burdens 
o f  r a d i o a c t i v i t y  f o r  each i n d i v i d u a l  and t o  moni tor  f o r  any phys ica l  changes 



at tr ibutable t o  the ef fec ts  of acute or chronic exposure t o  radiation or 
radioactivity.  When possible, a l l  members of a family were included in the 
examinations. The home locations of these individuals were Pahrump, Lund ,  
Beatty, Pioche, Nyal a,  Round Mountain, Ely, Tempi ute, Go1 dfiel d ,  Lathrop 
We1 l s ,  Tonopah, and Spring Meadow Farms, Nevada. 

Each examination consisted of a measurement of the body burden of 
radioactivity using the whol e-body counting fac i l  i t y  described previously 
( N E R C - L V ,  1974), a complete hematological examination, and a thyroid profile.  
A urine sample was a1 so collected from each individual for  t r i t ium analysis,  
and a composite of urine samples from each family was analyzed fo r  
pl utoni um-238 and pl utoni um-239. 

From the resu l t s  of the whol e-body counting, the f iss ion product 
cesium-137 was detected above the detection l imit  in 86 ou t  of 97 
measurements. The maximum, minimum, and average body burdens for t h i s  
radionuclide were 3.4 x <5 x l oe9 ,  and 1.3 x lo'* pCi/g body 
weight, respectively, which were similar to  l a s t  e a r ' s  concentrations 
(maximum of 3.9 x pCi/g; minimum of <5 x 1 0  and average of 1.4 x 

pCi/g body weight). 

In regard to the hematological examinations and thyroid profi les ,  no 
abnormal resul t s  were observed which could be at t r ibuted t o  past or present 
NTS tes t ing  operations. 

The concentrations of pl utoni um-238 and pl utoni um-239 in a1 1 composite 
urine samples were be1 ow the minimum detectable concentration of 2 x 10"~  
vCi/ml , which was higher than the  MDC reported in Table A-2. ( 4  t o  8 x lo- ' '  
vCi/ l )  due to  the fact tha t  the ccmposite urine sample from each family was 
often l e s s  than the desired one l i t e r .  

As the concentration of pl utoni um-238 and pl utoni um-239 in the urine of 
individuals exposed only t o  worldwide atmospheric fa1 1 o u t  would not resul t  in 
a concentration in urine above the MDC, the f ive composite urine samples 
reported l a s t  year t o  contain pl utonium-238 or plutonium-239 above the MDC . 
were re-eval uated. From the evaluation, a l l  four of the composites having 
pl utonium-238 were calculated t o  have a concentration l e s s  than the MDC. The 
composites were calculated in accordance with the new defini t ion,  which 
allows f o r  both Type I and Type I1 decision errors  a t  the 95% confidence 
level .  The pl utonium-239 concentration reported in the f i f t h  composite (2.9 
x 10mll + 1.8 x 10-11 pCi/ml) was found to  be above the newly defined 
MDC; however, t h i s  i s  believed t o  be a s t a t i s t i c a l  anomally, because no 
plutonium was detected in the 1978 composite of urine samples collected from 
members of t h i s  same family. 



DOSE ASSESSMENT 

The o n l y  r a d i o a c t i v i t y  which was detec ted  off-NTS and ascr ibed t o  t e s t  
opera t ions  was xenon-133 detec ted  i n  an a i r  sample c o l l e c t e d  a t  Diablo,  
Nevada, d u r i n g  t h e  pe r iod  A p r i l  19-26 and t r i t i a t e d  hydrogen (HT) i n  a i r  
samples c o l l e c t e d  a t  I n d i a n  Springs, Nevada, du r ing  t h e  per iods  November 13 t o  
20 and November 27 t o  December 4. 

The es t imated dose equ iva len t  t o  t h e  whole body o f  a  hypo the t i ca l  recep to r  
a t  D i a b l o  from t h e  exposure t o  t h e  a i rbo rne  xenon-133 would be 

(6.5 x  10'11 vCi/ml) (7 days) (500 mrem/year) 

Based upon an est imated popu la t i on  o f  s i x  people, t h e  dose commitment a t  
D i a b l o  was es t imated t o  be 0.000037 person-rem. 

A t  I n d i a n  Springs, t h e  concent ra t ions  o f  HT i n  a i r  minus an ambient HT 
concen t ra t i on  o f  7.6 x 10'13 vCi/ml, es t imated from a l l  o t h e r  off-NTS, 
r e s u l t e d  i n  a  c a l c u l a t e d  dose equ iva len t  o f  

Based upon a  popu la t i on  o f  1500 a t  I nd ian  Springs, t h e  est imated dose 
commitment f o r  t h e  area would be 0.0087 person-rem. 

As D i a b l o  i s  beyond 80 km o f  t h e  cen te r  o f  t h e  NTS, t h e  80 km dose 
commitment would be 0.0087 person-rem. Due t o  t h e  g rea te r  popu la t i on  d e n s i t y  
w i t h i n  t h e  Las Vegas area, t h e  h ighes t  dose commitment (0.36 person-rem) was 
f o r  t h i s  area, which i s  approximately 100 km f rom t h e  NTS. T h i s  dose 
commitment i s  smal l  cunpared t o  t h e  26,000 person-rem, which r e s i d e n t s  o f  Las 
Vegas and nearby communities rece ived from n a t u r a l  background r a d i a t i o n  du r ing  
t h i s  r e p o r t  per iod.  



TABLE 8. ESTIMATED DOSE COMMITMENT FROM 
XENON-133 CONCENTRATIONS 

Estimated Dose 
Dose Dose Commi tment 

Equivalent Commi tment With i n  80km 
Locat ion Population (urem) ( person-rem) ( person-rem) 

Beatty,  Nev. 500 2.5 0.00 13 0.0013 

Diablo, Nev. 6 1.2 0.0000072 0.0 

Hi ko, Nev. 60 1.1 0.000066 0.0 

Las Vegas, Nev. 370,500* 0.96 0.36 0.0 

Tonopa h ,  Nev . 2,000 1.4 0.0028 0 .O 

Total 0.36 0.0013 

*Population i s  f o r  Las Vegas and nearby communities within Clark County. 
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TABLE A-1.  UNDERGROUND TESTING CONDUCTED OFF THE NEVADA TEST S I T E  

Name o f  Test, 
Operation o r  

Pro jec t  Oat? Locat ion 

Depth 
m 

( f t )  
Purpose o f  
the  event4s5 

ProjectIGnane 12/10/61 48 km (30 mi)  SE o f  3.16 360 Mu1 t i -purpose 
coach1 Carlsbad, N. Mex. (1184) experiment. 

Pro jec t  Shoal2 10/26/63 45 km (28 mi)  SE of 12 366 Nuclear Test 
Fal lon,  Nev. ( 1200 ) de tec t ion  re- 

search exper i -  
ment. 

P r o j e c t  Dr ibb le2  10122164 34 km (21  mi)  SW o f  
( S a l m n  Event) Hatt iesburg, n iss.  

823 Nuclear t e s t  
(2700) de tec t ion  re-  

search exper i -  
ment. 

Oper Tion Long t 10129165 Pmchitka Is land,  80 716 000 nuclear  
Shot Alaska (2350) t e s t  de tec t ion  , 

experiment. 

Pro jec t  ~ r i b b l e z  12/03/66 34 km (21 r i )  SW o f  0.38 823 Nuclear t e s t  
( S t e r l i n g  Event) Hat t iesburg , Miss. (2700) de tec t ion  re- 

search exper i -  
ment. 

P r o j e c t  ~ a s b u ~ g y l  12/10/67 88 km (55 mi) E o f  29 1292 J o i n t  Goverment- 
Farmington, N. Mex. (4240) Indus t ry  gas 

s t i m u l a t i o n  ex- 
periment. 

F a u l t l e s s   vent^ 01/19/68 Central Nevada Test 200- 914 Cal i b r a t i o n  
Area 96 km (60 mi )  E 1000 (3000) tes t .  
o f  Tonopah, Nev. 

Pro jec t  M i rac le  02/02/69 34 km (21  mi)  SW o f  Non- 823 Detonated i n  
Play (Diode ~ u b e ) 3  Hat t iesburg,  Miss. nuclear  (2700) Salmon/Sterl i n g  

explosion cav i ty .  Seismic 
studies. 

P r o j e c t  ~ u l i  son1 09/10/69 19 km (12) SW o f  40 2568 Gas S t imu la t ion  
R i f l e ,  Colo. (8425) experiment. 

Operation M i l  row3 10/02/69 A m h i t k a  Is land.  1000 1219 C a l i b r a t i o n  test .  
Alaska (4000 

P r o j e c t  ~ i r a c l e l  04/19/70 34 km (21 mi) SW o f  Non- 823 Detonated i n  
Play (Humid Hatt iesburg. Miss. nuclear  (2700) SalmonISterl ing 
Water)2 explosion cav i ty .  Seismic 

studies. 

Operation 
~ a n n i  k i  n3 

11/06/71 Pmchitka Island, <SO00 1829 Test o f  war- 
A1 aska (6000) head f o r  

Spartan 
miss i le .  

Pro jec t  Rio 05/17/73 48 km (30 mi)  SW o f  3x30 1780 Gas st imula-  
~ l a n c o l  Meeker, Col o. t o  t i o n  exper i -  

2040 ment. 
(5840 

t o  
6690) 

l p l o m h a r e  Events 
Zvela Uniform Events 
3~eapons Tests 
4 ~ n f o n n a t i o n  frm "Revised Nuclear Test,,Statist ics," dated September 20, 1974, and "Announced 

Uni ted States Nuclear Test S t a t i s t i c s ,  dated June 30, 1976, d i s t r i b u t e d  by David G. Jackson, 
D i rec to r .  O f f i c e  o f  Publ ic  A f f a i r s ,  Energy Research Administ rat ion,  Nevada Operations Office, 
Las Vegas, Nevada. 

5 ~ e w s  re1 ease A1 -62-50, ABC A1 buquerque Operations Of f i ce ,  A1 buquerque, New Mexico. 
December 1, 1961. 

6 " ~ h e  E f f e c t s  o f  Nuclear Weapons," Rev. Ed. 1964. 



TABLE A-2. SUMMARY OF ANALYTICAL PROCEDURES 

Count i ng Sample Approximate 
Type o f  Ana ly t i ca l  Period Ana ly t i ca l  Size Detect ion 
Analys is*  Equipment (Mi n)  Procedures ( L i t e r )  L imi t**  

NaI (T I  ) Gamma spect ro-  
Spectrometry meter w i t h  

10-cm-thick 
by 10-cm-di- 
ameter NaI 
de tec to r  ca l  i- 
brated a t  10 
keV per 
channel (0-2 
MeV range). 

Ge(Li )  gamma 
Spect rane t ry  

100 min f o r  
mi 1 k, water, 
Long-Term 
Hydro, sus- 
pended sol -  
ids; 10 min. 
f o r  a i r  
charcoal 
ca r t r idges  
and a i r  
f i l t e r s .  . 

Gamma spectro- Ind iv idua l  
meter w i t h  Ge(Li) a i r  f i l t e r s  
detector  ca l  i- 30 min 
brated a t  1/2 a i r  f i l t e r  
keV/channel composites. 
(0-2 MeV range) - 1200 n in.  
i nd i v i dua l  i so- 
t o p i c  e f f i c i e n c i e s  
ranging f r a n  
-15% - 22%. 

Low-background 
t h i  n-wi ndow , 
gas- f l  ow pro- 
por t iona l  
counter w i t h  a 
5:7-an diameter 
wi dow (80 ug/ h an 1. 

Automatic 
l i q u i d  
s c i n t i l l a t i o n  
counter w i t h  
output p r i n t e r .  

3~ Enrichment Automatic 200 
( Long-Term s c i n t i l l a t i o n  
Hydro1 ogi ca l  counter w i t h  
Samples) output p r i n t e r .  

2 3 8 , 2 3 9 ~ ~  A1 pha spectro- 
234,235,238~ me e r  w i th  450 i mn , 300-urn 

dep le t ion  depth, 
s i l  i con  surface 
b a r r i e r  detectors 
operated i n  
vacuum chambers. 

Radi onucl i d e  
concentra- 
t i o n s  quan- 
t i f i e d  from 
gamna spec- 
t r a l  data by 
computer 
us ing a l e a s t  
squares 
technique. 

3.5 f o r  
r o u t i n e  mi 1 k 
and water 
samples; 
800-1200 m3 
f o r  a i r  fil- 
t e r  samples; 
7.3 f o r  Long- 
T e n  Hydro. 
Water sus- 
pended sol ids.  
Composite a i r  
f i l t e r s  
-15000 m3 

For r o u t i n e  m i l k  
and water gen- 
e ra l  1 y, 1x10 '~  
pCi/ml f o r  most 
common fa1 1 out  
radionucl ides i n  
a simple spec- 
trum. For a i r  
f i l t e r s ,  
4x10-14y~i/ml. 
For Long-Term 
Hydro. sus- 
pended so l ids ,  
6 . 0x10 '~u~ i  /ml . 

Radionucl i d e  Same as Same as 
concentrat ion above. above 
quan t i f i ed  
f r a n  gamna 
spectra l  data 
by on-1 i ne 
computer pro- 
gram. Radio- 
nucl ides i n  a i r  
f i l t e r  composite 
samples are 
i d e n t i f i e d  only. 

Chemical 1 .O 
separat ion by 
i o n  exchange. 
Separated sam- 
p l e  counted 
successive1 y; 
a c t i v i t y  c a l -  
cu la ted  by 
simul taneous 
equations. 

Sample pre- 0.005 
pared by 
d i s t i l l a t i o n .  

Sample concen- 0.25 
t r a t e d  by 
e l e c t r o l y s i s  
f o l  1 owed by 
d i s t i l  l a t i o n .  

1000-1400 Sample i s  1 .O 
d igested w i t h  
acid, separated 
by i o n  exchange, 
e lec t rop la ted  
on s t a i n l ess  
s tee l  p l  anchet 
and counted by 
a1 pha spectro- 
meter. 

(continued) 



TABLE A-2. (Continued) 

Counting Sampl e Approximate 
Type o f  Ana ly t i ca l  Period Ana ly t i ca l  Size Detect ion 
Anal y s i  s* Equipment (Mi n )  Procedures ( L i t e r )  Limit** 

2z6F?a Single channel 30 Prec ip i ta ted  1.5 2 x 1 0 ' ~ ~  uCi /ml 
analyzer w i t h  Ba, con- 
coup1 ed t o  ver ted t o  
P.M. tube chlor ide.  
detector. Stored f o r  

30 days f o r  
2 z 2 ~ n  z z 6 ~ a  t o  
equ i l i b ra te .  
Radon gas 
pumped i n t o  
s c i n t i l l a t i o n  
c e l l  f o r  alpha 
s c i n t i l l a t i o n  
counting. 

Gross alpha Low-background 
Gross beta t h i  n-wi ndow , 
i n  l i q u i d  gas-f l  ow pro- 
samples p o r t i  onal 

counter w i th  a 
5.7-cm-diameter 
window (80 ug/ 
m2).  

Gross beta Low-1 eve1 end 
on a i r  window, gas 
f i l t e r s  f low propor- 

t i o n a l  counter 
w i t h  a 12.7- 
cm-di ameter 
windo (100 S mg/m 1. 

50 Sample eva- 0.2 
porated; 
res idue 
weighed and 
counted; 
corrected f o r  
se l  f-attenu- 
at ion. 

F i l t e r s  10-cm 4 x 1 0 ~ 5 u ~ i  /ml 
counted a t  7 diameter 
and 14 days glass f i b e r  
a f t e r  co l -  f i l t e r ;  sam- 
l ec t i on ;  two p l e c o l l e c t e d  
counts can from 00- 

ext rapol  a t e  
5 be used t o  120Om . 

concentrat ion 
t o  mid-col- 
l ect  i o n  t ime 
assuming T-1-2 
decay o r  using 
experimental 1 y 
der ived decay. 

85Kr, 133xe Automatic 200 Physical 400-1000 85Kr = 4x10-12 
C H ~ T  l i q u i d  s c i n t i l -  separat ion by uCi /ml 

l a t i o n  counter gas chrana- 
w i t h  output tography ; d l  S- 1 3 3 ~ ~  = 4x10-12 
p r i n t e r .  solved i n  UC i /ml 

to1 uene "cock- 
t a i l "  f o r  count- CH3T = 4 x 1 0 ' ~ ~  
ing. uC i /ml 

-- -- 

*Johns, F. B., P. B. Hahn, D. J. Thane, and E. W. Bretthauer. Radiochemical Ana ly t i ca l  Procedures f o r  
Analyses of Environmental Samples, EMSL-LV-0539-17, U.S. Environmental Pro tec t ion  Agency, EMSL-LV, Las 
Vegas. 1979. 

**The de tec t ion  l i m i t  f o r  a l l  samples received a f t e r  January 1, 1978 i s  def ined as 3.29 sigma where 
sigma equals the  counting e r r o r  of the  sample and Type I e r r o r  = T{pe I1 e r r o r  = 5 percent. (Corley, 
J. P., D. H. Oenham, D. E. Micheles, A. R. Olsen and D. A. Waite, A Guide f o r  Envirorrnental 
Radio logica l  Survei l lance a t  ERDA Ins ta l l a t i ons , "  ERUA 77-24 pp. 3.19-3.22, March, 1977, Energy 
Research and Development Administrat ion, D i v i s i o n  o f  Safety, Standards and Compliance, Washington, D.C.) 



TABLE A-3. 1978 QUALITY ASSURANCE INTERCOMPARISONS 

Mean of 
Rep1 ica te  Mean Range Normal i zed Deviation 
Analyses + Standard Known from 

+/ a Error of Val ue 
Analysis Month pCi/ml) Range (10" pCi/rnl) Grand Avg. Conc. 

Gross a 
in water 

Jan. 7 2 0  
Mar. 21 + 1 
May 13 + 1 
July 20 + 1 
Sept. 6 + 1 

Gross B 
i n  water 

Jan. 31 + 1 
Mar. 34 k 1 
May 20 + 3 
July 25 + 2 

H 
i n water 

Feb. 1800 + 100 
Apr. 2230 + 149 
June 2300 i 400 
Aug. 1178 + 219 

2 3  9 P u  
i n water 

Jan. 1.5 + 0.1 
July 3.1 + 0.2 

OSr 
i n water 

Jan. 35 + 1 
May 23 k 1 
Sept . 12 + 1 

'Sr 
in water 

Jan. 27 + 1 
May 12 + 2 
Sept. 14 + 4 

226Ra 
i n water 

Mar. 4.8 i 0.1 
June 3.8 i 0.4 

H Mar. 760 + 26 0.09 1050 -1.2 -1.5 
i n  urine June 3767 + 153 0.43 4150 -0.4 -1.6 

Sept. 930 + 214 0.74 1120 -1.3 -1 .O 
(conti nued) 



TABLE A-3. (Conti  nued) 

Mean of 
Rep1 i c a t e  Mean Range Normal i zed Devi a t  i on 
Analyses + Standard Known from 

+/ u E r ro r  of  Val ue 
Analys is  Month (10" pCi/ml ) Range (10" pCi/ml) Grand, Avg. Conc. 

IS7Cs Feb. < 3 
i n  water  Apr. < 4 

June 29 + 3 
Aug . 16 + 2 
Oct . 123 + 5 

1311 Apr. 82 + 3 
i n m i l k  J u l y  < 3  

Is7Cs Apr . 24 + 2 
i n  milk J u l y  54 2 1 

"Ba Apr. < 2 
i n  milk J u l y  < 3 

- 9  OSr Apr. 7 2 1  
i n m i l k  J u l y  38 + 1 

'Sr Apr. 78 + 1 
i n m i l k  J u l y  50 + 5 

K Apr. 1 5 2 9 2 6  
i n m i l k  J u l y  1 5 2 7 2 2 8  

G r o s s 6  Mar. 38 + 2 
on a i r  June  36 + 3 
f i 1 ters 

lS7cs Mar. 25 + 2 
on a i r  June 17 + 1 
f i l t e r s  
pCi / f  i 1 t e r  



TABLE A-4. 1978 SUMMARY OF ANALYTICAL RESULTS FOR THE 
NOBLE GAS AND TRIT IUM SURVEILLANCE NETWORK 

;40 . R a d i o a c t i v i t y  Concentrat ions % o f  
Sampling Days Radio- Conc. 
Loca t ion  Sampl ed nuc 1 i de U n i t s  C ~ a x  C ~ i n  C ~ v g  Guide* 

(pCi/ml a i r )  

Death 
Val 1 ey 
dct.,  
C a l i f .  

Geatty, 
Nev, 

Oiablo, 
Nev. 

Hiko, 
Nev. 

I n d i  an 
Springs, 
Nev. 

Las Vegas, 
Nev. 

342.6 85Kr 1 0 - ~ 2 y c i / m l  a i r  24 x 10-l2 17 x 10-12 20 0.02 
342.6 l 3 3 ~ e  l ~ - l ~ u ~ i / m l  a i r  <20 < 3 < 3 < 0.01 
308.9 3 H a s H T  1 0 - 6 u ~ i  lm l  water 0.93 < 0.3 < 0.3 -- 
342.6 3~ as CH3T 10-1~uc i /m l  a i r  
308.9 3H as HTO 10-12uci/ml a i r  
285.7 3H as HT 10-12uci/ml a i r  

85Kr 1 0 - l Z u ~ i / m l  a i r  
1 3 3 ~ e  10-12uci /ml a i r  
3~ 3s HTO l o - 6  Ci/ml water 
3H as CH T l o - l y p ~ i / r n l  a i r  
3~ as H T ~  10-12bci/ml a i r  
3~ as HT 1 0 - ~ ~ u c i / r n l  a i r  

85Kr 10-l2pci/ml a i r  
1 3 3 ~ e  10-12uci/ml a i r  
3~ as HTO C i/ml water 
3 ~ a s C H T  l ~ - l ~ ~ C i / m l a i r  
3" as HT% 10- l2pci /ml  a i r  
3~ as HT 1 0 - ~ ~ p c i / m l  a i r  

10-12pci/ml a i r  
10-12uci/ml a i r  
10-6 Ci/ml water 
l ~ - l ~ u ~ i / m l  a i r  
10-12,ci/ml a i r  
10-12uCi/ml a i r  

344.4 859r 10-12uci/ml a i r  
363.6 13 Xe 10-12yci/ml a i r  
334.6 3~ as HTO Ci/ml water 
356.5 3H as CH T l ~ - l ~ u ~ i / r n l  a i r  
334.5 3~ as H T ~  1 0 - ~ ~ C i / m l  a i r  
300.5 3~ as HT 10-12uci/ml a i r  

329.7 85 r 10-~<Ci /ml  a i r  
336.6 i39Xe l ~ - ~ ~ u ~ i / r n l  a i r  
321.6 3~ as HTO Ci/ml water 
336.7 3~ as CH T l ~ - l ~ u c i / m l  a i r  
321.6 3~ as H T ~  10-12uCi/ml a i r  
285.7 3~ as HT 10-1~uCi /ml  a i r  

(cont i  nued) 



Tab1 e A-4 (Cont i nued) 

No. R a d i o a c t i v i t y  Concentrat ions Z o f  
Sampl i ng Days Radio- Conc. 
Locat ion Sampi ed nucl i d e  U n i t s  a x  c ~ i n  ' ~ v g  GuideR 

(uCi/ml a i r )  

NTS, Nev. 
Mercury 

NTS, Nev. 
Area 51 # 

NTS, Nev. 
BJY 

8 5 ~ r  
133xe 
3~ as HTO :," :: ;aT 
3H as HT 

10-12u~ i /m l  a i r  
10-12uCi/ml a i r  

Ci/ml water 
1 0 - 1 & ~ i / m l  a i r  
10-1ZpCilml a i r  
10-12uCi/ml a i r  

363.5 8 5 ~ r  10-12uci/ml a i r  
363.5 LJ3xe 10-12uCi/ml a i r  
356.5 3~ as HTO i 0 - 6  Ci/mi water 
363.5 3~ as CH3T 10-l$uci/ml a i r  
356.5 3~ as HTO 10-12pci/ml a i r  
349.5 3 H a s H T  10-12~Ci /ml  a i r  

235.6 8 5 ~ r  10-12uCi/ml a i r  29 19 22 < 0.01 
356.5 133xe 10-12uci/ml a i r  14,000 < 2 240 < 0.01 
329.6 3~ as HTO Ci/ml water 12 0.32 -- 
356.5 3H as CH T I O - ~ ~ ~ C ~ / ~ I  a i r  <20 < 2 
329.6 3H as H T ~  10-12pci/ml a i r  110 1.2 
322.6 3~ as HT !0-~2uci /ml  a i r  37 < 0.2 2.7 

NTS. Nev. 363.6 
Area 12  363.5 

329.8 
363.6 
329.8 
322.8 

Tonopah, 
Nev . 

3H as HTO 
3~ as CH T 
3H as HT! 
3H as HT 

859, 
?3 Xe 
3~ as HTO 
3H as CH T 
3H as H T ~  
3~ as HT 

10-12uCi /ml a i r  
10-12uci /ml a i r  
1 0 - 6 ~ ~ i  / m l  water 
10-12p~ i /m l  a i r  
i0-12ucl/ml a i r  
10 -12u~ i /m l  a i r  

10-12ucilml a i r  
10-12,ci/ml a i r  

C i lm l  water  
1 0 - ~ ~ ~ ~ i l n t l  a i r  
1 0 - 1 2 . ~ ~ i / m l  a j r  
10-1Zuci l m l  a i r  

*Concentrat ion Guides used f o r  NTS Stat ions a re  those app l i cab le  t o  exposures t o  r a d i a t i o n  workers. Those 
used f o r  off-NTS s t a t i o n s  are f o r  exposure t o  a s u i t a b l e  sample o f  the  populat ion i n  an uncon t ro l led  area. 
See Appendix B f o r  Concentrat ion Guides. 

#A1 so known as Groan Lake. 



TABLE A-5. 1978 SUMMARY OF RADIATION DOSES FOR THE DOSIMETRY NETWORK 

Annual 
Adjusted 

Dose Dose 
Equ iva lent  Rate Equi v- 

S t a t i o n  Measurement (mremld ) a1 e n t  
Locat i o n  Per iod Max. Min. Avg. (mremly) 

Adaven, Nev. 01/10/78 - 01/07/79 
Alamo, Nev. 01/09/78 - 01/08/79 
Area 51-NTS, Nev. 01/09/78 - 01/08/79 
Aust in,  Nev. 01/11/78 - 01/09/79 
Baker, C a l i f .  01/09/78 - 01/08/79 
Barstow, C a l i f .  01/09/78 - 01/08/79 
Beat ty,  Nev. 01/31/78 - 01/03/79 
Bishop, C a l i f .  01/10/78 - 01/10/79 
Blue Eagle Ranch, Nev. 01/11/78 - 01/09/79 
Blue Jay, Nev. 01/10/78 - 01/11/79 
Cactus Springs, Nev. 01/16/78 - 01/02/79 
Cal i ente, Nev. 01/10/78 - 01/09/79 
Carp, Nev. 01/10/78 - 01/09/79 
Casey's Ranch, Nev. 01/11/78 - 01/10/79 
Cedar City, Utah 02/01/78 - 01/16/79 
C la rk  S ta t ion ,  Nev. 01/10/78 - 01/14/79 
Complex I ,  Nev. 01/10/78 - 01/10/79 
Coyote Summi t , Nev. 01/09/78 - 01/12/79 
Currant,  Nev. 01/11/78 - 01/09/79 
Death Val l e y  Jct., Ca l i f .  01/12/78 - 01/11/79 
Desert  Game Range, Nev. 01/16/78 - 01/02/79 
Desert Oasis, Nev. 01/31/78 - 03/27/79 
D i a b l o  Maint. Sta., Nev. 01/12/78 - 01/11/79 
Duckwater, Nev. 01/11/78 - 01/09/79 
E lg in ,  Nev. 01/10/78 - 01/09/79 
Ely,  Nev. 01/11/78 - 01/25/79 
Enterpr ise ,  Utah 02/01/78 - 01/10/79 
Eureka, Nev. 01/11/78 - 01/10/79 
Furnace Creek, Cal i f. 01/12/78 - 01/11/79 
Gar r i  son, Utah 01/09/78 - 01/08/79 
Geyser Maint.  Sta., Nev. 01/09/78 - 01/08/79 
Glendale, Utahz 03/27/78 - 01/15/79 
G o l d f i e l d ,  Nev. 01/09/78 - 01/08/79 
Hancoc k Summit , Nev. 01/09/78 - 01/12/79 
Hiko, Nev. 01/09/78 - 01/08/79 
Hot Creek Ranch, Nev. 01/10/78 - 01/11/79 
I ndependence , Cal i f. 01/10/78 - 01/09/79 
Ind ian  Springs, Nev. 01/16/78 - 01/02/79 
K i  rkeby Ranch, Nev. 01/09/78 - 01/08/79 
Koynes, Nev. 01/12/78 - 01/12/79 
Las Vegas (A i  r p o r t )  , Nev. 02/06/78 - 01/19/79 

0.36 130 
0.28 100 
0.20 7 2 
0.41 150 
0.23 84 
0.27 96 
0.30 100 
0.28 100 
0.19 67 
0.34 120 
0.18 60 
0.34 120 
0.30 110 
0.20 7 7 
0.22 77 
0.33 120 
0.29 110 
0.34 130 
0.30 110 
0.22 8 1 
0.16 55 
0.17 5 
0.37 130 
0.30 110 
0.35 130 
0.22 83 
0.29 96 
0.33 120 
0.18 6 7 
0.21 7 6 
0.31 110 
0.17 5 0 
0.26 95 
0.41 150 
0.22 80 
0.26 96 
0.27 100 
0.18 61 
0.23 8 2 
0.26 95 
0.15 5 1 

(continued) 



TABLE A-5. (Continued) 

S t a t i o n  
Locat ion  

Measurement 
Per iod 

Dose 
Equivalent  Rate 

(rnrernld ) 
Max. Min. Avg. 

Las Vegas (Placak) , Nev. 02/06/78 - 01/19/79 
Las Vegas (USDI) , Nev. 02/06/78 - 01/19/79 
Lathrop We1 1 s, Nev. 01/16/78 - 01/03/79 
Lida, Nev. 01/09/78 .- 01/08/79 
Lone Pine, C a l i f .  01/10/78 - 01/09/79 
Lund, Nev. 01/10/78 - 01/10/79 
Mammoth Mtn., C a l i f .  01/11/78 - 01/10/79 
Manhattan, Nev. 01/10/78 - 01/09/79 
Mesquite, Nev. 01/31/78 - 01/15/79 
Nevada Farms, Nev. 01/12/78 - 01/12/79 
Nuclear Eng. Co., Nev. 01/31/78 - 01/03/79 
Nyala, Nev. 01/11/78 - 01/10/79 
01 ancha, Cal i f. 01/10/78 - 01/09/79 
Pa hrump , Nev. 01/17/78 - 01/02/79 
P ine  Creek Ranch, Nev.' 01/10/78 - 10/05/78 
Pioche, Nev. 01/11/78 - 01/10/79 
Queen City Summit, Nev. 01/09/78 - 01/12/79 
Reed Ranch, Nev. 01/09/78 - 01/11/79 
Ridgecrest,  Cal i f. 01/10/78 - 01/09/79 
Robinson's Tr. Park, Nev. 01/12/78 - 01/12/79 
Round Mountain, Nev. 01/10/78 - 01/09/79 
ROX, Nev. 01/31/78 - 01/15/79 
Scot ty ' s Junct ion,  Nev . 01/09/78 - 01/08/79 
Sel bach Ranch, Nev. 01/31/78 - 01/03/79 
S h e r r i ' s  Bar, Nev. 01/09/78 - 01/08/79 
Shoshone, Cal i f. 01/12/78 - 01/11/79 
Springdale, Nev. 02/01/78 - 01/03/79 
Spring Meadows, Nev. 01/17/78 - 01/02/79 
St.  George, Utah 02/02/78 - 01/16/79 
Stone Cabin Ranch, Nev. 01/11/78 - 01/12/79 
Sunnyside, Nev. 01/10/78 - 01/10/79 
Tempi u t e  , Nev. 01/12/78 - 01/12/79 
Tenneco, Nev. 01/17/78 - 01/02/79 
Tonopah, Nev. 01/09/78 - 01/08/79 
Tonopah Test Range, Nev. 01/10/78 - 01/09/79 
Twin Springs Ranch, Nev. 01/12/78 - 01/11/79 
Warm Springs, Nev. 01/11/78 - 01/11/79 
Young's Ranch, Nev. 01/10/78 - 01/09/79 

Annual 
Adjusted 

Dose 
Equi v- 
a1 e n t  

( mrem/y) 

51 
60 
9 3 

100 
9 9 
88 

100 
110 

64 
120 
130 
8 5 
9 4 
64 
77 
88 

140 
110 

8 5 
120 
110 
95 

100 
110 

77 
110 
110 
65 
6 6 

140 
7 6 

110 
100 
110 
100 
120 
120 
92 

lMoni tor ing  a t  t h i s  1 oca t ion  d iscont inued a f t e r  f i r s t  quar te r  1978. 
2S ta t ion  es tab l i shed  second quar te r  1978. 
=Four th  quar te r  1978 exchange not  poss ib le  due t o  weather cond i t ions .  

6 9 



TABLE A-6. 1978 SUMMARY OF ANALYTICAL RESULTS FOR THE 
MILK SURVEILLANCE NETWORK 

Radi oact  i v i  t y  Conc . 
(10' ' v C i / m l  ) 

Sampl i ng Sample No. o f  Radio- 
Locat ion  TY pe ' Samples nuc l i de  C ~ a x  C ~ i n  C ~ v g  

H i  nk l  ey, C a l i  f. 12 4 'Sr < 5  < 3  < 3 
B i l l  Nelson D a i r y  

4 ' OSr < 2  < 2  < 2 

4 .  lS7Cs 4.0 < 3 < 3  

Keough Hot Spgs. , 13 
C a l i f .  

Y r iba r ren  Ranch 4 

Trona, Cal i f. 13 3 
Stanford  Ranch 

3 

Alamo, Nev. 14 3 
A. J. Sharp 

3 

Austin, Nev. 14 
Young's Ranch 

Cal i ente, Nev 13 
June Cox Ranch 

'Sr 

OSr 

"Cs 

< 4  < 3  < 3  
(cont inued) 



TABLE A-6. (Continued) 

Radioactivity Conc. 
(10- vCi /ml ) 

Sampl i ng Saniple No. of Radi o- 
Location TY pe ' Samples nuclide C ~ a x  C ~ i n  C A V ~  

Cur rant. Nev . 13 3 "Sr < 3  < 2  < 2 
Blue ~ a g l e  Ranch 

Currant, Nev. 13 
Manzonie Ranch 

Hiko, Nev. 
Darrel Hansen Ranch 

Las Vegas, Nev. 1 2  
LDS Dairy Farm 

Lathrop  We1 l s ,  Nev. 13 
Ki rker Ranch 

Lida, Nev. 13 1 "sr < 2  < 2  < 2 
Lida Livestock Co. 9 o 

1 S r  < 2  < 2  < 2 

1 ' 3 7 C ~  8.9 8.9 8.9 
(continued) 

7 1 



TABLE A-6. (Continued) 

Radioactivity Conc. 
( l o m 9  vCi/rnl) 

Sarnpl i ng . Sample No. of Radi o- 
Locat ion Type ' Samples nucl ide C ~ a x  C ~ i n  C ~ v g  

Logandal e , Nev. 12 
Vegas Valley Dairy 

Lund, Nev. 12 
McKenzie Dai ry 

Mesquite, Nev. 12 
Hughes Bros. Dairy 

Moapa, Nev. 12 
Agman Seventy-Five, Inc. 

Nyala, Nev. 13 
Sharp's  Ranch 

4 H <600 <400 <400 

4 9Sr < 3  < 2  < 2 

4 OSr 1.7 < 2 < 2 

4 lS7Cs < 5  < 3  < 3 

(continued) 



TABLE A-6. (Continued) 

R a d i o a c t i v i t y  Conc. 
(10- pCi Iml ) 

Sampl i ng Sample No. o f  Radi o- 
Locat ion TY pe ' Samples nucl i d e  C ~ a x  C ~ i  n C ~ v g  

Pa hrump, Nev . 1 3  3 'Sr < 3  < 2  < 2 
Oxborrow Ranch 

3 
.J ' Osr < 2  < 2  < 2 

Round Mountai n , 1 3  
Nev . 
Berg Ranch 

Shoshone, Nev. 
K i  rkeby Ranch 

S p r i  ngdal e ,  Nev. 13 2 "Sr < 3  < 3  < 3 
Boi l ing  Pot  Ranch 

2 Osr 1.4 < 2 < 2 

Cedar C i t y ,  Utah 12 
Western General Dairy 

S t .  George, Utah 1 2  
R. Cox Dairy 

4 7~~ 5.7 < 4 < 4 

'12 = Raw Mil k f r m  Grade A Produce r ( s )  
1 3  = Raw Milk from fami ly  cow(s) 
1 4  = Other  t h a n  Grade A Producer  (Raw) 

7 3 



TABLE A-7. ANALYTICAL CRITERIA FOR LONG-TERM HYDROLOGICAL 
MONITORING PROGRAM SAMPLES 

Gross alpha 

Gross bet a 

Gamma scan 

H* 

8 9 , 9 0 S r  

A1 1 samples 

A1 1 samples 

A1 1 samples 

A1 1 samples 

Only samples col jected a t  locations for the f i r s t  time 
during CY78. 

Only samples collected a t  locations for the f i r s t  time 
during CY78 i f  gross alpha exceeded 3 x 10" pCi/ml. 

Only samples collected a t  locations for the f i r s t  time 
during CY78. 

Only samples collected a t  locations for the f i r s t  
time during CY78. 

*All samples were f i r s t  analyzed by the more r a p i d  conventional 
technique (MDC of about 4 x 10'' pCi/ml). Those samples having tritium 
concentrations <MDC were then analyzed by the enrichment technique 
(MDC of abou t  1 x pCi/ml). 



TABLE A-8. 1978 SUMMARY OF ANALYTICAL RESULTS FOR THE NTS MONTHLY 
LONG-TERM HY DROLOG ICAL MONITORING PROGRAM 

No. No. Type of R a d i o a c t i v i t y  Conc. % o f  
Sampl i ng Sampl es Sarnpl es Radi o- ' ( 1 0 ' ~  & i / m l )  Conc. 
Loca t i on  Col 1 ected ' Analyzed a c t i v i t y  Max Min Avg Guide2 

N TS 10 10 Gross a < 4 < 2  < 2  -- 
Well 8 10 Gross 6 < 6 < 4  < 4  - - 

10 H <20 < 9  < 9  <o .01 

NTS 11 11 Gross a 9.0 < 3 4.9 -- 
We1 1 U3CN-5 11 Gross 10 < 6  < 6  - - 

11 28 0 < 9 45 <0.01 

NTS 11 11 Gross a 13 < 3 5.7 -- 
Well A 11 Gross B 7.2 < 6  < 6  -- 

11 H 2 1 < 9 < 9 <0.01 

NTS 11 11 Gross a 27 < 6 11 - - 
Well C 11 Gross $ 12 < 6 6.8 -- 

11 H 100 38 56 <0.01 

NTS 11 11 Gross a 11 < 5 6.1 -- 
We1 1 5c 11 Gross 6 46 < 6 5.8 -- 

11 H <30 < 9  < 9  <0.01 

NTS 11 11 Gross a 5.8 < 4 3.8 -- 
Army We1 1 11 Gross B < 6 4.9 < 5 -- 

No. 1 11 H <16 < 9 < 9 <0.01 

N TS 10 10 Gross a 7.6 < 3 2.6 -- 
We1 1 2 10 Gross < 6 4.1 < 5 

10 H 47 < 9  < 9  <0.01 

NTS 7 7 Gross a < 5 < 3  < 3  -- 
Test  Me1 1 B 7 Gross B < 6 < 4  < 4  - - 

6 H 250 170 190 <0.01 

NTS 10 10 Gross a 6.1 < 3  < 3  - - 
Well 3-13 10 Gross $ < 6 < 4  < 4  - - 

10 H 16 < 9  < 9  <0.01 

NTS 1 1 Gross a < 3 < 3  < 3  - - 
Well 5-12 9ross 0 < 6 < 6  < 6  - - 
( A l t e r n a t e  f o r  5-13 H <13 <20 < 3 <0.01 

NTS 9 9 Gross a < 3 < 2  < 2  -- 
We1 1 U19c 9 GRoss $ < 6 < 4  < 4  -- 

9 H (17 < 9  < 9  <0.01 

' ~ a m p l  es coul d no t  be c o l l e c t e d  every month due t o  weather cond i t i ons  o r  
i n o p e r a t i v e  pumps. 

2Concentrat ion Guides f o r  d r i n k i n g  water a t  on-NTS l o c a t i o n s  are  t h e  same as 
those f o r  off-NTS 1 ocat ions.  See Appendix B f o r  Concentrat ion Guides. 



TABLE A-9. 1978 ANALYTICAL RESULTS FOR THE NTS SEMI-ANNUAL 
LONG-TERM HYDROLOGICAL MONITORING PROGRAM 

Type of R a d i o a c t i v i t y  % o f  
Sarnpl i ng Depth Sample Radio- gonc. Conc, !, 
Locat ion  . Date (m)' ~ y p e '  a c t i v i t y  (10- pCi/rnl) Guide 

Gross a 
Gross 13 
H 

Gross a 
Gross B 
H 

N TS 
Test  Well D 

Gross a 
Gross B 
H 

NTS 
Test  Well D 

Gross a 
Gross B 

H 

NTS 
Well UElc 

Gross a 
Gross B 
' H 

N TS 
Well UElc 

Gross a 
Gross B 
' H 

N TS 
Well C - 1  

Gross a 
Gross 0 
' H 

N TS 
Well C - 1  

Gross a 
Gross B 
H 

Gross a ' 

Gross $ 
'H 

NTS 810 1 23 Gross a 
We1 1 UE5C Gross B 

' H 
NTS 2/02 507 23 Gross a 
We1 1 UE18r4 Gross 0 

H 

7.8 - - 
< 6 - - 
<20 <o -01 

(cont inued)  



TABLE A-9. (Continued) 

Type of Rad ioac t iv i ty  % of 
Sampl i ng Depth Sample Radio- Conc . Conc. 
Location Date (m)' Type2 a c t i v i t y  (10" pCi/ml ) Guide3 

NTS 2/ 0 1 
Well 5B 

N TS 7/18. ' 

Well 58 

N TS 2/03 1006 
Test  Well F 

NTS 7/21 1006 
Test  Well F 

Ash Meadows, 1/04 
Nev . 
Crystal  Pool 

23 Gross a 
Gross B 

H 

23 Gross a 
. G r o s s B  

H 

23 Gross a 
Gross 8 

H 

23 Gross a 
Gross B 

H 

27 Gross a 
Gross B 

H 

Ash Meadows, 7/27 27 
Nev . 
Crystal  Pool 

Ash Meadows, 1/04 2 3 
Nev . 
We1 1 18S/51E-7DB 

Ash Meadows , 7/27 23 
Nev. 
We1 l 18S/51E-7DB 

Ash Meadows, 1/04 23 
Nev. 
We1 1 17S/50E-14CAC 

A s h  Meadows, 7/27 2 3 
Nev. 
We1 1 17Sl50E-14CAC 

Gross a 
Gross B 

H 

Gross a 
Gross 8 
' H 

Gross a 
Gross B 
'H 

Gross a 
Gross B 

H 

GTOSS a 
Gross 8 
'H 

( con t i  nued) 



TABLE A-9. (Continued) 

Type o f  R a d i o a c t i v i t y  % o f  
Sampl i ng Depth Sample Radio- Conc . Conc. 
Loca t ion  Date (m)t Type2 a c t i v i t y  pCi /ml)  Guide3 

Ash Meadows, 1/04 27 
Nev . 
Fairbanks 
Spr i  ngs 

Gross a 
Gross 6 

H 

Ash Meadows, 7/27 2 7 
Nev . 
Fairbanks 
Spr ings 

Gross a 
Gross $ 

H 

Beat ty  , 1/05 2 3 
Nev. 
C i t y  Supply 

Gross a 
Gross $ 

H 

Bea t t y  , 8/02 2 3 
Nev . 
C i t y  Supply 

Gross a 
Gross .$ 

H 

Bea t t y  , 1/03 2 3 
Nev. 
Nuclear 

Engi neer i  ng Co. 

Gross a 
Gross $ 

H 

Beatty, 8/02 23 
Nev . 
Nuclear 
Engi neer ing Co. 

Gross a 
Gross 
'H 

Beat ty  , 1/05 
Nev. 
Co f fe rs  We1 1 

23 Gross a 
Gross B 
'H 

Bea t t y  , 810 1 
Nev. 
Co f fe rs  We1 1 

23 Gross a 
Gross $ 
'H 

I n d i a n  Springs, 1/03 
Nev. 
USAF No. 2 

23 Gross a 
Gross 6 
=H 

I n d i a n  Springs 8/01 
Nev. 
USAF No. 2 

23 Gross a 
Gross $ 
3H 

- - 
<0.01 

(cont inued) 



TABLE A-9. (Continued) 

Type o f  Rad ioac t i v i t y  % of 
Sarnpl i ng Depth Sample Radio- Conc. Conc. 
Location Date (m) ' Type2 a c t i v i t y  ( l o -$  l X i / m l )  Guide3 

Indian Springs, 
Nev . 
Sewer Co. Inc. 
Well No. 1 

Indian Springs, 
Nev . 
Sewer Co. Inc. 
We11 No. 1 

Lathrop We1 1 s , 
Nev . 
C i t y  Supply 

Lathrop We1 1 s, 
Nev. 
C i t y  Supply 

Springdale, 
Nev. 
Goss Springs 

Springdale, 
Nev. 
Goss Springs 

Springdale, 
Nev. 
Road D W i  ndmi 1 1 

Gross a 
Gross 6 

H 

Gross a 

Gross a 
Gross 6 

H 

Gross a 
Gross 6 

H 

Gross a 
Gross 6 
'H 

Gross a 
Gross 6 
3 H  

Gross a 

'If depth not  shown, water was co l lec ted  a t  surface 

223 - Well 
-27  - Spring 

3Concentration Guides for  d r ink ing  water a t  on-NTS loca t ions  are the  same 
as t hose  f o r  off-NTS locat ions.  See Appendix B. 

'Second sample dur ing t he  year could not  be co l lec ted.  



TABLE A-10. 1978 ANALYTICAL RESULTS FOR THE 
NTS ANNUAL LONG-TERM HYDROLOGICAL MONITORING PROGRAM 

Type of R a d i o a c t i v i t y  % o f  
Sampl i ng Sampl e Radi o- Conc. Conc. 
L o c a t i o n  Date TYP' a c t i v i t y  (low9 pCi/ml ) Guide2 

Shoshone, Cal i f. 7/27 2 7 Gross a < 6 -- 
Shoshone Spr ing Gross B 12 -- 

' H < 20 <0.01 

Hiko, Nev. 6/19 2 7 Gross a 6.2 - - 
Crys ta l  Spr ings Gross B < 6 - - 

H <20 <0.01 

A1 amo, Nev. 6/19 2 3 Gross a < 5 - - 
City Supply Gross B 6.0 - - 

H <20 <0.01 

Warm Springs, Nev. 6/19 2 7 Gross a 7.7 -- 
Twin Spr ings Ranch gross B < 6 -- 

H <20 <0.01 

Diablo,  Nev. 6/19 2 3 Gross a < 4 - - 
Highway Maint.  Gross B < 6 -- 
S t a t i o n  H <20 <0.01 

Nyala, Nev. 6/20 23 Gross a < 5 -- 
Sharp Ranch $ross B < 6 -- 

H 180 <O -01 
Adaven, Nev. 6/20 27 Gross a < 3 -- 
Adaven S p r i  ng gross B < 6 - - 

H 120 <0.01 
Pa hrump, Nev. 6/21 23 Gross a < 5 - - 
Cal vada We1 1 3 Gross $ < 6 -- 

H <20 <0.01 

Tonopah, Nev. 6/21 23 Gross a < 3 - - 
C i t y  Supply $ross $ < 6 -- 

H <30 -- 
Clark  S ta t i on ,  6/20 23 Gross a < 4 - - 
Nev . Gross B < 6 - - 
Tonopah Test  H < 20 <0.01 

Range We1 1 6 

Las Vegas, Nev. 6/22 23 Gross a < 3 -- 
Water D i s t r i c t  Gross $ < 6 -- 
Well No. 28 s H <20 <0.01 

Tempi ute,  Nev. 6/19 23 Gross a < 3 - - 
Union Carbide Well Gross 6 < 6 - - 

' H <20 <0.01 

'23 - We1 1 
27 - Spr ing  

'See Appendix B f o r  Concentrat ion Guides. 
80 



TABLE A-11. 1978 ANALYTICAL RESULTS FOR THE OFF-NTS 
LONG-TERM HYDROLOGICAL MONITORING PROGRAM 

Type o f  R a d i o a c t i v i t y  % of 
Sampl i ng De t h  Sample Radio- Conc . Conc. 7 Locat i o n  Date (m ' Type2 a c t i v i t y  ~ C i / m l )  GuideS 

PROJECT GNOME 

Ma1 aga , 5/20 161 
N. Mex. 
USGS We1 1 

No. 1 

23 Gr0ss .a  
Gross B 

H 

23 Gross a 
Gross B 

H 

Ma1 aga, 5/20 148 
N. Mex. 
USGS We1 1 

No. 4 

Ma1 aga , 5/20 144 
N. Mex. 
USGS We1 1 

No. 8 

23 Gross a 
Gross B 

H 

23 G r o s s a  
Gross B 

H 

( n o t  c o l l e c t e d  due t o  
broken pump) 

Ma1 aga, 
N. Mex. 
PHs Well No. 6 

23 Gross a 
Gross 6 
'H 

Ma1 aga , 5/21 
N. Mex. 
PHs We1 1 No. 8 

Ma1 aga, 5/21 
N. Mex. 
PHs We1 1 No. 9 

23 Gross a 
Gross B 

H 

Ma1 aga, 5/21 23 Gross a 

Gross 13 
H 

N. Mex. 
PHs We1 1 No. 10 

Ma1 aga , 5/21 
N. Mex. 
Pecos R i v e r  

Pumpi ng S t a t i o n s  

23 Gross a 
Gross W 
' H 

( c o n t i  nued) 



TABLE A-11. (Continued) 

Type of Radioactivity % of 
Sampl i ng Depth Sample Radio- Conc . Conc. 
Location Date (m)' Type2 a c t i v i t y  (10'' ~ C i / m l  ) Guide3 

Lovi ng , 512 1 23 G r o s s a  < 4 - - 
N. Mex. Gross $ < 6 - - 
City Well No. 2 'H <20 < 0.01 

Carl sbad , 5/22 23 Gross a < 4 - - 
N. Mex. Gross $ < 6 - - 
City We1 1 No. 7 'H <20 < 0.01 

PROJECT SHOAL 

Frenchman, 
Nev . 
Frenchman 
Stat ion 

Frenchman, 
Nev. 
Well HS-1 

Frenchman, 
Nev . 
Well H-3 

Frenchman, 

Nev. 
Fl owi ng We1 1 

Frenchman, 
Nev. 
Hunts Stat ion 

23 Gross a 
Gross $ 
'H 

3/02 23 Gross a 
Gross $ 
'H 

3/01 23 Gross a 
Gross $ 
'H 

3/01 23 Gross a 

Gross $ 
'H 

3/02 23 Gross a 
Gross $ 
' H 

PROJECT DRIBBLE 

Baxtervil l e ,  4/12 23 Gross a < 2 - - 
M i  s s  . Gross $ < 6 - - 
City Supply 'H 7 7 < 0.01 

(continued) 



TABLE A-11. (Continued) 

Type o f  R a d i o a c t i v i t y  % of 
Sampl i ng De t h  Sample Radio- Conc. Conc. 7 Locat ion  Date (m ' Type2 a c t i v i t y  (10'9 pCi/ml) Guides 

Bax te rv i  1 l e  , 
M i  ss. 
Lower L i  ttl e 

Creek 

Gross a 
Gross 0 
' H 

B a x t e r v i l  1 e, 
M i  ss. 
Well HT-1 

Gross a 
Gross W 
'H 

B a x t e r v i l  l e ,  
M i  ss. 
Well HT-2c 

Gross a 
Gross $ 
' H 

B a x t e r v i l  l e ,  
M i  ss. 
We1 1 HT-4 

Gross a 
Gross 0 
'H  

B a x t e r v i l  l e ,  
M i  ss. 
We1 1 HT-5 

Gross a 
Gross $ 
H 

B a x t e r v i l  l e ,  
M i  ss. 
Well E-7 

Gross a 
Gross B 
' H 

B a x t e r v i l  l e ,  Gross a 

Miss. Gross 0 

Well Ascot 
No. 2 

B a x t e r v i l  l e ,  
Miss. 
Hal f Moon 

Creek 

Gross a 
Gross B 
' H. 

Gross a 
Gross B 

H 

B a x t e r v i l  l e ,  
M i  ss. 
Hal f Moon 

Creek Over f l  ow 
(cont inued) 



TABLE A-11. (Continued) 

Typeof Radioactivity % o f  
Sampl i ng Depth Sample Radio- Conc. Conc. 
Location Date ( m ) '  Type2 activity (10'9vCi/ml) Guide3 

Baxtervil l e ,  4/13 23 Gross a < 2 - - 
Miss. Gross B < 6 - - 
T. Speights sH 9 9 < 0.01 
Residence 

Baxtervil l e y  4/13 23 Gross a < 2 - - 
Mi ss. Gross B < 6 - - 
R. L .  Anderson .9 H 55 < 0.01 
Residence 

Baxtervil l e ,  
Miss. 
Mark Lowe 
Residence 

Baxterville, 
Mi ss. 
R. Ready 
Residence 

Baxtervil le ,  
Miss. 
W .  Daniels 
Res i dence 

41 13 23 Gross a 
Gross 6 

H 

4/12 23 Gross a 
Gross 
=H 

4/13 23 Gross a 
Gross B 
7.i 

Lumberton, 4/11 23 Gross a < 3 -- 
Mi ss. Gross 6 < 6 -- 
City Supply =H <20 < 0.01 
Well No. 2 

Purvi s ,  411 1 23 Gross a < 3 - - 
Miss. Gross B < 6 - - 
City Supply sH <20 < 0.01 

Col umbi a, 4/12 23 Grossa < 2 -- 
Miss. Gross B < 6 - - 
City Supply H <20 < 0.01 

(conti nued) 



TABLE A-11. (Continued) 

T y p e o f  Rad ioac t i v i t y  % o f  
Sampl i ng Depth Sample Radio- Conc. Conc; 
Locat ion Date (m)' Type2 a c t i v i t y  ( 1 0 ' ~  vCi/ml) Guide 

Lumberton, 411 1 
Miss. 
North Lumberton 
C i t y  Supply 

Bax te rv i l  l e ,  4/11 
M i  ss. 
Pond W o f  GZ 

Gobernador, 5/18 
N. Mex, 
Arnold Ranch 

Gobernador, 5/18 
N. Mex. 
Apache Reservation 

We1 1 South 

Gobernador, 5/18 
N. Mex. 
Lower Burro 
Canyon 

Gobernador, 5/18 
N. Mex. 
Fred B i x l e r  
Ranch 

Gobernador, 5/18 
N. Mex. 
Cave Springs 

23 Gross a 
Gross $ 
' H 

21 Gross a 
. G ross$  

'H 

PROJECT GASBUGGY ' 

27 Gross a 
Gross B 
' H 

23 Gross a 
Gross $ 
3H 

23 , Gross a 
Gross 8 
' H 

23 Gross a 
Gross B 
'H 

27 Gross a 
Gross 8 

H 

Gobernador, 5/16 23 Gross a < 7 - - 
N .  Mex. Gross $ < 7 - - 
Windmill No. 2 'H <20 - - 

( con t i  nued) 



TABLE P-11. (Continued) 

Type of Radioact iv i ty  % of 
Sampl i ng Depth Sample Radio- Conc. Conc. 
Location Date (m) 1 Type2 a c t i v i t y  ( l o e 9  lICi/ml) Guide3 

Go be rnad o r ,  5/16 
N. Mex. 
Bubbling Springs 

27 Gross a 
Gross $ 
3 H 

Gobernador, 5/16 
N. Mex. 
La J a r a  Creek 

22 Gross a 
Gross $ 

H 

Gobernador, 51 17 
N. Mex. 
EPNG We1 1 10-36 

1097 23 Gross a 
Gross $ 

H 

PROJECT RULISON 

Rul i son, 5/19 
Col 0. 
Lee L .  Hayward 

Ranch 

23 Gross a 
Gross $ 

H 

Ruli son, 5/19 
Colo. 
Glen Schwab 

Ranch 

23 Gross a 
Gross $ 

H 

Grand Val l ey ,  5/19 
Col 0. 
A1 b e r t  Gardner 

Ranch 

23 Gross a 
Gross $ 

H 

Grand Val 1 ey, 5/19 
Colo. 
Ci ty  Wate.r 

SUPPI Y 

27 G r o s s a  
Gross $ 
'H 

Grand Val l e y  5/20 27 Gross a < 4 - - 
Col o . Gross $ < 6 - - 
Spring 300 Yds. H 730 0.02 

NW of GZ 
(continued) 



TABLE A-1 1. (Cont i nued) 

Typeof  Radioact iv i ty  % o f  
Sampl i ng De t h  Sample Radio- Conc. Conc. 
Location Date ( m P 1  Type2 a c t i v i t y  (10" uCi/ml) Guides 

Rul i son, 5/19 23 Gross a < 3 - - 
Colo. Gross , B  < 6 - - 
Fel i x  Sefcovic H 880 0.03 
Ranch 

Grand Valley, 5/20 22 Gross a < 3 - - 
Colo. Gross B < 6 - - 
Bat t l  ement Creek H 850 0.03 

Grand Val 1 ey  , 5/20 23 Gross a < 3 -- 
Col o . Gross B < 6 - - 
CER We1 1 H 580 0.02 

Rul  i son, 5/18 27 Gross a 3.7 - - 
Colo. Gross 0 < 6  - - 
P o t t e r  Ranch H 680 0.02 

PROJECT FAULTLESS 

Blue Jay ,  
Nev . 
Highway Maint. 

S t a t i o n  

Blue Jay ,  
Nev . 
Sixmile We1 1 

Blue Jay ,  
Nev. 
Jim Bias Well 

6/14 23 G r o s s a  
Gross B 

H 

6/15 23 Gross a 
Gross 8 

H 

6/19 27 Gross a 
Gross 8 

H 

Blue Jay ,  6/12 259 23 Gross a < 4 - - 
Nev . Gross B < 6 -- 
Well HTH-1 H < 20 < 0.01 

(continued) 



TABLE A-11. (Continued) 

Type o f  R a d i o a c t i v i t y  % o f  
Sampl i ng Depth Sample Radio- Conc. Conc. 
Loca t ion  Date (m) Type2 a c t i v i t y  v C i / m l  ) Guide3 

Blue Jay, 6/12 184 23 Gross a 3.4 - - 
Nev. Gross 6 < 6 - - 
We1 1 HTH-2 H <20 < 0.01 

PROJECT R I O  BLANCO 

R i o  Blanco, 
Col 0. 
Fawn Creek 
6800 f t  Upstream 

Rio  Blanco, 
Colo. 
Fawn Creek 
500 ft Upstream 

R i o  Blanco, 5/17 
Col 0. 
Fawn Creek 
500 ft Downstream 

Rio  Blanco, 5/17 
Colo. 
Fawn Creek 
8400 ft Downstream 

R i o  Blanco, 5/17 
Col 0. 
Fawn Creek No. 1 

R i o  Blanco, 5/17 
Col 0. 

Fawn Creek No. 3 

R i o  Blanco, 5/18 
Col 0. 
CER No. 1 

Bl'ack Sulphur 

22 Gross a < 6 - - 
Gross 6 < 6 - - 

H 80 < 0.01 

22 Gross a (Sample n o t  c o l l e c t e d )  
Gross 13 

H 

22 Gross a 
Gross 6 

H 

22 Gross a 
Gross 6 

H 

27 Gross a 
Gross 6 

H 

27 Gross a 
Gross 6 

, 'H 

27 Gross a 
Gross 6 
3 H 

'(cont inued) 



TABLE A-11. (Continued) 

T y p e o f  Rad ioac t iv i ty  % o f  
Sampl i ng Depth Sample Radio- Conc. Conc. 
Location Date (m) Type2 a c t i v i t y  pCi/ml) Guide3 

Rio Blanco, 5/18 27 Gross a < 6 - - 
Col o . Gross B < 6 - - 
CER No. 4 H 590 0.02 

Bl ack Sul phur 

Rio Blanco, 5/18 27 Gross a < 5 - - 
Colo. Gross B < 6 - - 
B - 1  Equity Camp H 130 < 0.01 

5/16 Rio Blanco, 23 Gross a 7.5 - - 
Colo. Gross B < 6 - - 
Brennan Wi ndmil 1 H (20 < 0.01 

Rio Blanco, 5/16 23 Gross a < 7 - - 
Colo. Gross B < 7 - - 
Johnson Ar tes ian  Well H < 20 < 0.01 

Rio Blanco, 
Colo. 
Well RB-D-01 

Rio Blanco, 
Colo. 
Well RB-S-03 

PROJECT CANNIKIN 

Amchitka, Alas. 8/20 
North End of 
Canni k i  n Lake 

23 Gross a (sample not  c o l l e c t e d  due 
Gross $ t o  inope ra t ive  pump) 
'H 

Amchitka, Alas. 8/20 
South End of 
Canni kin Lake 

Amchitka, Alas. 8/20 42.7 
We1 1 HTH-3 

23 Gross a (Sample not  c o l l e c t e d  due 
Gross B t o  inope ra t ive  pump) 

H 

21 Gross a 
Gross 0 

H 

21 Gross a 
.Gross B 

H 

23 Gross a 
Gross 6 

H 

( c o n t i  nued) 



TABLE A-11. (Continued) 

T y p e o f  R a d i o a c t i v i t y  % o f  
Sampl i ng Depth Sample Radio- Conc. Conc. 
Loca t ion  Date (m) ' Type2 a c t i v i t y  (10" pCi /ml)  Guide3 

Amchitka, A1 as. 8/20 
I c e  Box Lake 

Amchitka, Alas. 8/20 
White A1 i c e  
Creek 

Amchitka, Alas. 8/20 
P i t  South o f  
Canniki  n GZ 

21 G r o s s a  
Gross $ 

H 

22 Gross a 
Gross B 

H 

21 G r o s s a  
Gross $ 

H 

PROJECT M I  LROW 

Amchitka, Alas. 8 /21 21 Gross a 2.0 - - 
Heart Lake Gross fi < 6 - - 

H 89 < 0.01 

Amchitka, Alas. 8/21 0.83 23 3 H  120 < 0.01 
We1 1 W-5 

Amchitka, Alas. 8/21 0.94 2 3 H 110 < 0.01 
We1 1 W-6 

Amchitka, Alas. 8/21 1.6 23 3H 210 < 0.01 
We1 1 W-8 

Amchitka, Alas. 8/21 1.1 23 3H 
Well W-15 

Amchitka, Alas. 8/21 2.0 23 3 H  
We1 1 W-10 

Amchitka, Alas. 8/21 1.5 23 'H 110 < 0.01 
Well W-11 

( c o n t i  nued) 



TABLE A-11. (Continued) 

Type o f  Rad ioac t i v i t y  % of 
Sampl i ng De t h  Sample Radio- Conc. Conc. 
Locat ion Date (my1 rype2 a c t i v i t y  ( l o e 9  p C i  / m l  ) Guide3 

Amchitka, Alas. 8/21 1.1 23 'H 100 < 0.01 
We1 1 W-3 

Amchitka, Alas. 8/21 0.30 23. 'H 130 < 0.01 
We1 1 W-2 

Clevenger 8/22 22 Gross a 
Creek Gross B 

'H 

Amchitka, Alas. 8/21 0.46 23 3~ 

We1 1 W-46 

Arnchitka, Alas. 8/21 0.31 23 'H 
We1 1 W-76 

Amchitka, Alas. 8/22 0.74 23 3~ 

We1 1 W-13~ 

Amchitka, Alas. 8/22 0.20 23 'H 
Well W-18~ 

PROJECT LONG SHOT 

Amchitka, Alas. 8/22 3.5 23 Gross a 
We1 1 WL-2 Gross B 

H 

Amchitka, Alas. 8/22 7.7 23 Gross a 
EPA We1 1-1 Gross 0 

H 

Reed Pond 8/22 2 1  Gross a 

(continued) 



TABLE A-11. (Continued) 

Type o f  R a d i o a c t i v i t y  X o f  
Sampl i ng Depth Sample Radio- gone . Conc; 
Loca t ion  Date (m) ' ~ y p e '  a c t i v i t y  (10' vCi/rnl) Guide 

Well GZ No. 1 

Well  GZ No. 2 

We1 1 WL-1 

Mud P i t  No. 1 

Mud P i t  No. 2 

Mud P i t  No. 3 

8/22 27.4 23 Gross a < 4 
Gross B < 6 
' H 7300 

8/22 12.2 23 G r o s s a  < 3 
Gross B < 6 
' H 900 

8/22 1.7 23 Gross a < 3 
Cjross 8 < 6 

H 400 

8/22 21 G r o s s a  < 3 
Gross B < 6 
' H 1800 

8/22 21 G r o s s a  < 3 
Gross B < 6 

H 2300 

8/22 21 G r o s s a  < 3 
Gross B < 6 

H 2300 

AMCHITKA BACKGROUND SAMPLES 

Amchitka, Alas. 8/20 27 Gross a < 3 -- 
Constantine Gross B < 6 - - 
Spr i ng ' H 110 < 0.01 

Amchitka, Alas. 8/21 36.6 23 Gross a < 3 - - 
Army We1 1 No. 1 $ross B < 6 - - 

H 110 < 0.01 

Amchitka, Alas. 8/20 21 Gross a < 3 - - 
Jones Lake Gross B < 6 - - 

' H 8 5 < 0.01 

(cont inued) 



TABLE A - 1 1  . (Conti  nued) 

Tvw of Radioac t iv i  t v  % of " 

Sampl i ng Depth Sample ~ a d i o -  Conc. Conc . 
i o c a t i  on Date (m)l  Type2 a c t i v i t y  (10 '9pCi /ml)  Guide3 

Duck Cove 8/2 5 22 'H 110 < 0.01 
Creek 

' I f  dep th  not shown, d a t e r  was c o l l e c t e d  a t  s u r f a c e  

221 - Pond, l a k e ,  r e s e r v o i r ,  s tock  t a n k ,  o r  s tock  pond 
22 - Stream, r i v e r ,  o r  c r eek  
23  - We1 1 
26 - Rain 
27 - Spring 

'Concentrat ion Guides ( C G )  f o r  d r ink ing  water  a t  on-si t e  1 o c a t i o n s  
a r e  the same as t h o s e  f o r  o f f - s i t e  l o c a t i o n s .  See Appendix B f o r  
Concentrat ion Guides. As g r o s s  a and g ros s  B r a d i o a c t i v i t y  con- 
c e n t r a t i o n s  were ~ ~ e d  on ly  f o r  i d e n t i f y i n s  g r o s s  r a d i o a c t i v i t y  
concen t r a t i on  i n c r e a s e s  and a s  moye complete r ad ionuc l ide  ana lyses  
were made i n  the p a s t ,  t h e  c a l c u l a t i o n  of  % CG's was no t  cons idered  
app rop r i a t e .  

'High MDC due  t o  high concen t r a t i on  of d i s so lved  s o l i d s .  

'Based upon gamma s p e c t r a n e t r y  a n a l y s i s ,  t n e  source of th is  r a d i o a c t i v i t y  
was n a t u r a l l y  occu r r ing  ' O K  and daughter  products  o f  2 2 2 R n .  Actual 
q u a n t i t i e s  could not be determined due t o  complex gamma s p e c t r a .  

6These sampling l o c a t i o n s  were added during t h i s  year .  The samples 
c o l l e c t e d  from t h e s e  l o c a t i o n s  a r e  t o  be analyzed only  f o r  3H. 



TABLE A-12. 1978 SPECIAL ANALYTICAL RESULTS FOR THE OFF-NTS 
LONG-TERM HYDROLOGICAL MONITORING PROGRAM - PROJECT R I O  BLANCO 

Type o f  Radi oac t  i v i  t y  % of 
Sampl i ng D e t h  Sample Radio- Conc. Conc. 
Locat ion  Date ( m y 1  Typef a c t i v i t y  ( l o e 9  r C i / m l )  Guide3 

PROJECT R I O  BLANCO 

R i o  Bl anco, 
Colo. 
Fawn Creek 
6800 ft Upstream 

R i o  Blanco, 5/17 
Colo. 
Fawn Creek 

500 f t  Upstream 

R i o  Blanco, 51  17 
Colo. 
Fawn Creek 
500 f t  Downstream 

R io  Blanco, 5/17 
Colo. 
Fawn Creek 
8400 ft Downstream 

(cont inued) 



TABLE A-12. (Continued) 

Type of Rad ioac t iv i ty  % of 
Sampl i ng Depth Sample Radio- Conc. Conc. 
Location Date m )  Type2 a c t i v i t y  (10" vCi/ml) Guide3 

Rio Blanco, 5/18 
Col 0. 
Fawn Creek No. 1 

Rio Blanco, 5/17 
Colo. 
Fawn Creek No. 3 

Rio Blanco 5/18 
Col 0. 
CER No. 1 

Black Sulphur 

Rio Blanco 5/18 
Colo, 
CER No. 4 

Black Sul phur 

Rio Blanco 5/18 
Colo. 
B-1 Equity Camp - 

< 2.1 - <0.10 
< 0.6 <O. 2 

2 .o <0.01 
0.054 <0.01 
1.2 <0.01 

< 0.03 <0.01 
< 0.02 (0.01 

( con t i  nued) 



TABLE A-12. (Continued) 

Type of Radioactivity % of 
Sampl i ng Depth  Sample Radio- Conc. Conc. 
Location Date (m)  ' Type2 a c t i v i t y  (10'' pCi/ml) Guide3 

Rio Blanco, 5/18 
Col 0. 
Brennan Wi ndmil 1 

Rio Blanco, 5/18 
Col 0. 
Johnson Artesian We1 1 

Rio Blanco 5/18 
Colo. 
Well RB-D-01 

Rio Bl anco 5/18 
Col 0. 
We1 1 RB-S-03 

'If depth not shown, water was col lected a t  surface.  
222 - Stream, r i v e r ,  o r  creek 
23 - Well 
27 - Spring 

'Concentration Guide ( C G )  f o r  drinking water a t  on-s i te  loca t ions  a r e  t h e  
same a s  those f o r  o f f - s i t e  locations.  
See Appendix B f o r  CG's. 



TABLE A-13. SPECIAL ANALYTICAL RESULTS FOR THE LONG-TERM 
HYDROLOGICAL MONITORING PROGRAM - PROJECT DRIBBLE ' 

Sampl i ng ' H Concentrat ion % 
Location Date (4 ( l o e 9  pCi/rnl ) CG 

HMH- 6 4/27 
7/13 

10/11 

(cont  i nued) 



TABLE A-13. (Continued) 
- - 

Sampl i ng 'H Concentrat ion % 
Location Date (m) . (10'' uCi/ml) CG 

HMH- 9 4/27 
7/13 

1011 1 

1 Each sampl e was a1 so analyzed by gamma spectrometry.  No gamma-emitti ng 
r a d i o n u c l i d e s  were def.ected above t h e  MDC of  1 x lo'* uCi/ml . 

2Sample was not c o l l e c t e d  i n  Apr i l .  





APPENDIX B .  RADIATION PROTECTION STANDARDS 
FOR EXTERNAL AND INTERNAL EXPOSURE 

TABLE B-1. DOE ANNUAL DOSE COMMITMENT' 

Dose Limit  t o  C r i t i c a l  Dose Limit  t o  S u i t a b l e  
Indiv idua l  s i n Uncontrol 1 ed Sample of t h e  Exposed 
Area a t  P o i n t s  of Maximum Popul a t i o n  i n  an 

Type of  Exposure Probable Exposure ( rem) Uncontrol 1 ed Area ( rem) 

Whole Body, gonads 
o r  bone marrow 

Other  organs  1.5-  0.5 

"'Radi a t i o n  P r o t e c t i o n  S tanda rds , "  DOE Manual, Chapter  0524. 

TABLE B-2. DOE CONCENTRATION GUIDES (CG'S)' 

Sampl i ng Radi o- CG 
Network o r  Program Medi um nucl i d e  (vCi / m l  ) B a s i s  of Exposure 

Ai r Surve i l  1 ance  Network 

Noble Gas and T r i t i u m  
Survei  1 1 ance  Network, 
On-NTS 

Noble Gas and T r i t i u m  
S u r v e i l l a n c e  Network, 
Of f-NTS 

Long-Term Hydro1 og ica l  
Program 

a i r  Be 
95Zr 
1311 
l 3  2Te 
I 9 7 C s  

lsoBa 
lC4Ce 

a i r  8 5 K r  

3 H 
33Xe 

a i r  8 5 K r  

3 H 
3 Xe 

water  3 H 
89Sr 
9oSr 
1 3 7 C s  

226Ra 
2 1  C u  

2 3  51) 

2 3  8 U 
2 3 8 Pu 
2 3  9 Pu  

S u i t a b l e  sampl e 
of t h e  exposed 
popul a t i o n  i n  
uncontrol  1 ed a rea .  

Ind iv idua l  i n  
c o n t r o l  1 ed a rea .  

S u i t a b l e  sampl e 
of  t h e  exposed 
popula t ion  i n  
uncontrol 1 ed a rea .  

Ind iv idua l  i n  a 
c o n t r o l l e d  o r  an 
uncont ro l l  ed a rea .  

"Radi a t i o n  P r o t e c t  ion S tandards ,"  DOE Manual , Chapter  0524. 



EPA D R I N K I N G  WATER REGULATIONS FOR RADIONUCLIDES '  

Maximum Contami nant Level s for Beta Particl es and P h o t o n  Radioactivity 
from Man-Made Radi onucl i des in Community Water systems2 

(a)  The average annual concentration of beta particle and 
photon radioactivity from man-made radionucl ides in 
drinking water shall n o t  produce an annual dose 
equivalent t o  the total body or any internal organ 
greater than 4 millirem/yr. 

Except for the radionuclides listed in Table 8-3, the 
concentrat ion of man-made yadionucl ides causing 4 
mrem total body or organ dose equivalents shall be 
calculated on the basis of a 2-liter per day drinking 
water intake using the 168 hour d a t a  l isted in 
"Maximum Permissible Body Burdens and Maximum 
Permissible Concentration of Radionuclides in Air or 
Water for Occupational Exposure," NBS Handbook 69 as 
amended August 1963, U.S. Department of Commerce. I f  
two or more radionuclides are present, the sum of 
thei r  annual dose equivalent t o  the total body or t o  
any organ shall n o t  exceed 4 mil lirem/year. 

TABLE 8-3. AVERAGE ANNUAL CONCENTRATION ASSUMED TO PRODUCE 
A TOTAL BODY OR ORGAN DOSE OF 4 MREM/YR 

Radi onuc 1 i de Critical Organ pCi per l i t e r  

Tritium 
Strontium-90 

Total body 
Bone marrow 

' "Drinking Water Regulations Radionucl ides." Tit le  40 Code of Federal 
Regulations, Chapter 1, Part 141. Federal Register, Vol . 41, No. 133. U.S. 
Government Printing Office, Washington, D. C. July 9, 1976. 

2Community water system i s  a public water system which serves a population 
of which 70 percent or greater are residents. A public water system i s  a 
system for the provision t o  the pub1 ic of piped water for human consumption, 
i f  such system has a t  least 15 service connections or regularly serves an 
average of 25 individuals daily a t  least 3 months out of the year. 





APPENDIX C.  REPLICATE SAMPLING PROGRAM 

Purpose 

The program was ini t iated for the purpose of routinely assessing the 
errors due t o  sampling replication and analyticallcounting associated with the 
col 1 ection and analysi s of samples obtained from the surveil 1 ance networks 
maintained around the Nevada Test Site and other s i tes  designated by the 
Nevada Operations Office, Department of Energy. 

Procedure 

The program involved the collection and analysis of rep1 icate samples from 
the Air Surveil lance Network (ASN) , the Noble Gas and Tritium Surveil lance 
Network ( N G  & TSN), the Dosimetry Network and the Standby Milk Surveillance 
Network (SMSN) . Due to diff icult ies anticipated in obtaining sufficient 
quantities of mi1 k for dupl icate samples from the Mil k Surveil lance Network, 
duplicate samples were collected during the annual activation of the SMSN. 

A t  least  30 duplicate samples from each network were collected and 
analyzed over the report period. Since three thermol uminescent (TLD) cards 
consisting of two TLD chips each are used a t  each station of the Dosimetry 
Network, no additional samples were necessary. The fol 1 owing tab1 e summarizes 
the sampl i ng i nfomati on for each survei 1 1 ance network. 

TABLE C-1. SAMPLES AND ANALYSES FOR REPLICATE SAMPLING PROGRAM 

Sets of 
Surveil - Number of Samples Rep1 i cate Number of 
1 ance Sampl i ng Col 1 ected Sampl es Rep1 icates Sampl e 
Network Locations Per Year Collected Per Set Analysi s 

AS N 121 8,300 533 2 Gross B 
Y Spectrometry 

NG & TSN 11 572 52 2 8SKr, ' H ,  HTO, 
HT,H,O 

Dosimetry 7 8 312 312 4-6 External v 
SMSN 150 150 - 30 2 'OK 
LTHMP 134 254 ,35 2 Gross a, Gross B ,  

' H 



There were o t h e r  analyses f o r  a i r ,  m i l k  and water  samples t h a t  cou ld  not  
be inc luded i n  t h i s  eva lua t i on  due t o  t h e  f a c t  t h a t  t h e r e  were n o t  a  
s u f f i c i e n t  number o f  a n a l y t i c a l  r e s u l t s  a v a i l a b l e  a t  t h e  t ime o f  t h i s  repor t .  
Since t h e  sampling d i s t r i b u t i o n s  o f  each sample type appeared t o  be log-normal 
from t h e  rev iew o f  cumulat ive frequency p l o t s  o f  t h e  r e s u l t s ,  t h e  var iance o f  
each se t  o f  r e p l i c a t e  sample r e s u l t s  was est imated from t h e  l oga r i t hms  o f  t h e  
r e s u l t s  i n  each set. 

The variance, s2, o f  each se t  o f  r e p l i c a t e  TLD r e s u l t s  (n=6) was est imated 
from t h e  l oga r i t hms  o f  t h e  r e s u l t s  by t h e  standard expression, 

Since dupl i c a t e  samples were c o l l  ected f o r  a1 1  o the r  sample types, t h e  
variances, s2, f o r  these types  were c a l c u l a t e d  from s2 = (0.886R)2, where R i s  
t h e  abso lu te  d i f f e r e n c e  between t h e  logar i thms o f  t h e  d u p l i c a t e  sample 
r e s u l t s .  For  small sample sizes, t h i s  es t imate  o f  t h e  var iance i s  
s t a t i s t i c a l  l y  e f f i c i e n t  (1 ) and c e r t a i n l y  more convenient i n  c a l c u l a t i n g  than 
t h e  standard expression. 

The p r i n c i p l e  t h a t  t h e  var iances o f  random samples c o l l e c t e d  from a  normal 
popu la t ion  f o l l o w  a  chi-square d i s t r i b u t i o n  (x2)  was then used t o  es t imate  t h e  
conf idence i n t e r v a l  o f  t h e  expected popu la t i on  geometric var iance f o r  each 
type o f  sample ana lys i s .  The expressions used are  as fo l lows:(2)  

n n  

Lower Confidence L i m i t  (LCL) = x ( n  -1) ( i 2 ) / x 2 ( 0 . 9 9 5 , x ( n  -1)) 
i i 

n n  

Upper Confidence L i m i t  (UCL) = x ( n  -1) ( i 2 ) / x 2 { 0 . 0 0 5 , ~ ( n  -1)) 
i i 



LCL L a 2 ~  UCL 

where a 2  = the t rue value of the population geometric variance 

n -1 = the degrees of freedom f o r  n samples collected fo r  the i t h  i repl ica te  ssampl e 

s = the expected geometric variance of the i t h  repl icate  sample i 
i = the best estimate of sampl e geometric vari ance derived from the 

variance estimates of a1 1 repl i cate  samples ( the  expected val ue 
of S 2  i s  02) .  

The 99% upper confidence 1 imit for t-he total  e r ror  (sampling + analytical1 
counting er rors )  of the geometric mean of any group of samples collected from 
a given network was then determined as the geometric mean +2.575. 

The fol 1 owi ng tab1 e 1 i s t s  the expected geometric standard devi a t  ion and 
i t s  99% upper confidence l imi t  (UCL.) fo r  most analyses. 

TABLE C-2. UPPER CONFIDENCE LIMITS OF SAMPLING AND ANALYTICAL/ 
COUNTING ERRORS 

Sets of Expected 
Rep1 i cate  Geometric 99% UCL 

Surveil lance Samples Stnd. Dev. of 
Network Anal ysi s Eva1 uated S Total Error 

ASN Gross B 
'Be 

I 
' 2Te 
" OBa 
* 'Ce 

NG & TSN ' 'Kr 
H 

HTO 
HT 

Dosimetry Y (TLD) 

SMSN I, O K  

L THMP Gross a 
Gross B 
3H  (conv.) 
j H  (enrich,) 

'Snedecor, G. W.  and W .  G. Cochran. S ta t i s t i ca l  Methods. The Iowa State  
University Press, Ames, Iowa. 6th ed. 1961. p p m .  



APPENDIX D.  DETECTION OF AIRBORNE.RADIOACTIVITY FROM 
ATMOSPHERIC NUCLEAR TESTS BY THE PEOPLE'S  REPUBLIC OF CHINA 

Following t h e  atmospheric nuclear t e s t s  by the People's Republic of China 
on March 15, 1978, a t  0100 hours EST and on December 14, 1978, a t  0100 EST, 
samples of airborne rad ioac t iv i ty  within the Western United S ta tes  were 
obtained from the  Air Surveil lance Network. Sampl es  were col 1 ected t o  
determine the  e f f ec t  of the  Chinese t e s t  on the  ambient l eve l s  of airborne 
rad ioac t iv i ty ,  which a r e  rout inely monitored around the  Nevada Test S i t e  in 
support of underground nuclear t e s t s .  From t h e  concentration of radioiodine 
observed in  t he  a i r  samples, an estimate of the  radiat ion dose equivalent t o  
the  thyroid gland of a hypothetical infant  receptor via inhalat ion a t  each 
sampling locat ion was calculated.  The following i s  a summary of the  
procedures and r e su l t s .  

Procedure 

In addit ion t o  the  49 ac t ive  s t a t i ons  of the  Air Surveil 1 ance Network 
(ASN), 67 of t he  73 standby s t a t i ons  were act ivated for  the  periods March 17 
through April 7, 1978, and December 15 through January 5, 1979. A1 1 operators 
of the  ac t ive  and standby s t a t i o n s  were requested t o  use a charcoal car t r idge  
behind t h e  par t icu la te  f i l t e r .  

The par t icu la te  f i l t e r s  were counted f o r  gross beta rad ioac t iv i ty  a t  7 
days and 14 days a f t e r  co l lec t ion  t o  allow for  the  decay of natural ly  
occurring rad ioac t iv i ty  and f o r  the  purpose of extrapolating t h e  concentration 
t o  t h e  midtime of co l lec t ion .  Those samples having a gross beta count greater  
than 50 cpm (-1.0 x 10'11 pCi/ml) were analyzed by gamma spectrometry. 

Immediately upon rece ip t  and about f i v e  days a f t e r  co l lec t ion ,  t h e  f i l t e r s  
selected from 14-21 s t a t i o n s  r u n n i n g  along a north and south l i n e  in the  
Network were analyzed f o r  gamma-emitting radionuclides by gamma spectrometry 
techniques. The charcoal car t r idges  were i n i t i a l l y  counted fo r  gross gamma 
rad ioac t iv i ty ;  those car t r idges  having a count r a t e  grea te r  than 300 cpm were 
then quant i f ied fo r  spec i f i c  radionucl ides. 

Results 

The airborne concentrations of gross beta rad ioac t iv i ty  resu l t ing  from the 
March Chinese t e s t  was more s ign i f ican t  than the  December Chinese t e s t .  
Typical time s e r i e s  p lo t s  of t he  gross beta rad ioac t iv i ty  concentrations i n  
a i r  a r e  shown in  Figures D - 1  and D-2 f o r  Pueblo, Colorado, and Bishop, , 

California.  The standby s t a t i on  a t  Pueblo had the  highest concentration 
(1.70 x 10'1° ~ C i / m l )  within the  Network. The continuously operating 



F igure  D-1. Gross Beta R a d i o a c t i v i t y  Concentrat ions i n  
A i r  a t  Pueblo, Colorado. 

F igu re  D-2. Gross Beta R a d i o a c t i v i t y  Concentrat ions i n  
A i r  a t  Bishop, C a l i f o r n i a .  



s t a t i o n  w i t h  the  h ighest  gross beta r a d i o a c t i v i t y  concent ra t ion  (1.2 x 10'" 
p C i / m l  ) w i t h i n  the  Network was a t  Bishop, C a l i f o r n i a .  

As i n d i c a t e d  by t h e  r e s u l t s  o f  gamma spectrometry on a i r  sam les ,  f resh  
f i s s i o n  products ( 9 5 ~ r ,  9 9 ~ 0 ,  l o 3 ~ u ,  1311, 1 3 2 ~ e ,  1 3 7 C ~ ,  1 4 0 ~ a ,  'l*lCe, and 
1 4 4 ~ e )  and na tu ra l  1  occur r ing  7Be were detected i n  var ious combinations on 
t h e  f i l t e r s .  Only r311 was detected on t h e  charcoal ca r t r i dges .  Due t o  
i n te r fe rences  w i t h i n  t h e  gamma s  ec t ra ,  on ly  t h e  rad ionuc l  ides  7Be, 9 5 ~ r ,  e 1311, ' 3 2 ~ e ,  1 3 7 ~ s ,  1 4 0 ~ a ,  and 4 ~ e  were quant i f ied .  Tables D-2 and D-3 
summarize the  rad ionuc l i de  concent ra t ions  detected i n  samples c o l l e c t e d  a t  a l l  
sampl i ng 1  o c a t i  ons du r ing  t h e  year. The 1  ocat ions and sampl i ng per iods dur ing 
which t h e  maximum concent ra t ion  o f  each rad ionuc l i de  was detected are  shown i n  
t h e  fo l lowing t a b l e :  

TABLE D-1. AIR SAMPLING STATIONS HAVING DETECTABLE 
RADIONUCI- I D E  CONCENTRATIONS 

Hal f- Maximum Average 
Sampling Radio- L i f e  Conc. Conc. % 

Locat ion Per iod nucl i d e  (days) (10'12 p C i / m l  ) (10'12 p C i / m l  ) CG* 

Worland, Wyo. 3/21-22 "Zr 65 2.1 0.036 0.01 

Casper, Wyo. 3120-21 '''1 8.04 37 1.2 4  

Casper Wyo. 3120-21 lS2Te 3.3 .71 1.8 0.2 

Sel igman, A r i z .  5110-12 '"Cs 30.1 ( y )  0.32 0.013 0.008 

Casper, Wyo. 3120-21 "OBa 13 29 0  -84 0.3 

Tonopah, Nev. . 5131-612 , '"Ce 284 0.61 0.028 0.03 

*Percent o f  t h e  Concentrat ion Guide (CG) ,  as spec i f i ed  i n  DOE Manual, Chapter 
0524, f o r  a  s u i t a b l e  sample o f  t h e  exposed populat ion. See Appendix B. 

The dates on which these maximum concentrat ions occurred are  i n d i c a t i v e  t h a t  
t h e  1 3 7 ~ s  and t h e  14'+ce concentrat ions i n  t h e  troposphere were probably 
a f fec ted  more by t h e  annual increase i n  a i rbo rne  r a d i o a c t i v e  f a l l o u t  
concentrat ions r e s u l t i n g  f rom t h e  mix ing t h a t  occurs a t  t h e  boundary o f  t h e  
st ratosphere and troposphere dur ing t h e  sp r ing  season. 

From t h e  concent ra t ions  o f  1311 and 1 3 2 ~ e  determined i n  t h e  samples from 
each a i r  sampling loca t ion ,  t h e  r a d i a t i o n  dose equ iva lent  (D.E.) t o  t h e  
t h y r o i d  g land o f  an hypothet ica l ,  l - yea r -o ld  i n f a n t  recep to r  was ca lcu la ted  



TABLE D-2. 1978 SUMMARY OF ANALYTICAL RESULTS FOR 
AIR SURVEILLANCE NETWORK 

ACTIVE STATIONS 

Sampl i ng 
Locat ion  

No. T y p e o f  Radi oac t  i v i  t y  
Days Radio- Concentrat ion (10' s ~ C i / m l )  

Detected a c t i v i t y  Max M i  n Av g 

K i  ngman, Ar iz .  312.0 7Be 0.60 0.15 0.19 
75.9 5Zr 0.16 0.014 0.0067 

6.2 1 s  11 0.26 0.057 0.0029 

7.2 ? 2Te 0.21 0.059 0.0029 
30.0 1s7Cs 0.035 0.010 0.0015 
13.2 140Ba 0.034 0.017 0.0046 
47 .O ' 'Ce 0.38 0.083 0.022 

Seligman, A r i z .  75.0 
63 .O 

7 .O 
5 .O 

23.0 
10.0 
21 .o 

Baker, C a l i f .  

Barstow, C a l i f .  

B i  shop, Cal i f. - 112.0 
85.9 
13.9 
5.0 

35.0 
16.9 
53.0 

1 

I s l e  
' 'Cs 
"%a 
"Ce 

'Be 
=Zr 

1 s I1 
IS STe 

s7cs 
"%a 

* Ce 

( c o n t i  nued) 



TABLE D-2. (Conti nued) 

Sampl i ng 
Locat ion 

No. Typeof Radioactivity 
Days Radio- Concentration (loe9 uCi/ml) 

Detected ac t iv i ty  Max Mi n Avg 

Death Val ley Jc t .  , 132.2 
Cal i f. 91.9 

13.0 
6.0 
43.9 
17 .O 
32.8 

Furnace Creek, Cal i f .  159.1 
51.3 
9.0 
6.0 
28.8 
11 .o 
36.9 

Lone Pine, Calif. 

Needles, Calif. 

Ridgecrest, Calif. 

(conti nued) 



TABLE D-2. (Continued) 

Sampl i ng 
Locat i o n  

No. T y p e o f  R a d i o a c t i v i t y  
Days Radio- Concentrat ion (10- pCi / m l  ) 

Detected a c t i v i t y  Max M i  n  Avg 

Shoshone, C a l i f .  79.6 
51.1 

7 .O 
6.0 

23.0 
15.2 
33.5 

Alamo, Nev. 

Aus t in ,  Nev. 

Beat ty ,  Nev. 119.6 
81.9 

7 .O 
3 .O 

30.7 
12.0 
47.7 

Blue Eagle Ranch, Nev. 121.8 
73.9 

9.9 
5.9 

35.0 
10 .o 
39 .O 

(cont inued) 



TABLE D-2. (Continued) 

Sampl i  ng 
Location 

No. Typeof Radi oact i vi t y  
Days Radio- Concentration (10- pCi/ml ) 

Detected ac t iv i ty  Max Mi n Avg 

Blue Jay, Nev. 102.2 7Be 1 .O 0.16 0.097 
87.9 5Zr 0.089 0.016 

1 3 1 1  
0.0084 

4 .O 0.23 0.094 0.0015 
3.0 lS2Te 0.34 0.11 0.0020 

15 .O 'Cs 0.026 0.014 <0.001 
9.2 IS0Ba 

1 i b C e  
0.26 0.041 0..0030 

34.1 0.41 0.093 0.020 

Cal i  ente, Nev . 

Currant Ranch, Nev. 

Diablo, Nev. 

Duckwater, Nev. 

(continued) 



TABLE D-2. ( Cont i nued ) 

Sampl i ng 
Location 

No. T y p e o f  Rad ioac t i v i t y  
Days Radio- Concentration (10" ~ C i / m l )  

Detected a c t i v i t y  Max M i  n Av g 

Ely,  Nev. 

Eureka, Nev. 

Fa1 li n i ' s  Ranch, Nev. 122.0 
82.2 
11.0 
4.0 

43.9 
12.1 
37.9 

Geyser Ranch, Nev. 31.6 
74.0 

7 .O 
3.0 

18.0 
4 .O 

17 .O 

Glendale, Nev. 91.5 
55.2 . 

7 09 
7.1 

38.9 
17.1 
38.8 

0.12 
0.0075 
0.0026 
0.0026 
0.0029 
0.0055 
0.016 

0.13 
0.0089 
0.0014 
0.0011 
0.0018 
0.0045 
0.030 

0.14 
0.0089 
0.0020 
0.0020 
0.0021 
0.0043 
0.019 

0.087 
0.014 
0.0043 
0.0037 
0.0023 
0.0054 
0.022 

0.096 
0.0056 
0.0023 
0.0031 
0.0027 
0.0052 
0.020 

(continued) 



TABLE D-2. ( Cont i nued ) 

Sampl i ng 
Locat ion  

No. T y p e o f  Rad ioac t i  v i  t y  
Days Radio- Concentrat ion uCi/ml) 

Detected a c t i v i t y  Max M i  n Avg 

G o l d f i e l d ,  Nev. 114.3 'Be 0.71 0.15 0.098 
71.9 9 5 Z r  0.092 0.016 0.0064 
5.1 l S11  0.16 0.029 <O. 001 
0.9 l s 2 ~ e  0.13 0.13 <0.001 
30.0 I S 7 C s  0.062 0.013 0.0022 
11.5 ' t O B a  0.26 0.023 0.0019 
37.1 " ' ~ e  0.23 0.079 0.017 

Area 51, NTS, Nev. 121.6 
64.1 
2.9 
2.0 
18.9 
2.9 
26.3 

Hiko, Nev. 

I n d i  an Springs, Nev. 117.4 
86.0 
8.0 
6.1 
30.0 
11.0 
33.0 

Las Vegas, Nev. 71.7 'Be 0.88 0.12 0.060 
81.0 9 5 ~ r  0.17 0.012 0.0072 
8.0 "'I 0.41 0.028 0.0046 
8.0 l S 2 T e  0.40 0.066 0.0044 
21.0 13'cs 0.021 0.011 0.0010 
8.0 "OBa 0.49 0.067 0.0056 
38.9 " ' ~ e  0.20 0.070 0.014 

(cont inued) 



TABLE D-2. (Cont i nued) 

No. T y p e o f  R a d i o a c t i v i t y  
Days Radio- Concentrat ion (10" ~ C i l m l )  

Detected a c t  i v i  t y  Max M i  n Avg 
Sampl i ng 
Locat i o n  

Lathrop We1 1 s, Nev. 92 .O 
81 .O 

7.0 
5.0 

26.0 
7 .O 

29.0 

'Be 
'Zr 

1 3 1 1  

l 3  2Te 

L ida ,  Nev. 

Lund, Nev. 

Mesquite, Nev. 132.0 
61 .O 
4.0 
3.0 
7 .O 
7 .O 

17 .O 

- - 

OBa 
' 'Ce 

Moapa, Nev. 

(cont inued) 



TABLE D-2. (Cont i  nued) 

Sampl i ng 
Locat ion  

No. T y p e o f  Radioact i  v i  t y  
Days Radio- Concentrat ion pCi/ml) 

Detected a c t i v i t y  Max M i  n Avg 

Nyala, Nev. 

Pahrump, Nev. 

Pioche, Nev. 88.8 7Be 0.71 0.13 0.11 
86.8 'Zr 0.068 0.016 0.0092 

1 3 1 1  8.0 0.12 0.032 0.0019 
8.0 l S 2 T e  0.20 0.070 0.0025 

30.0 7 C ~  0.035 0.013 0.0021 
8.2 140Ba 0.25 0.067 0.0034 

31.0 lC'ce . 0.29 0.068 0.016 

Round Mountain, Nev. 98.3 7Be 1 .O 0.091 0.10 
78.9 "Zr 0.12 0.016 0.0086 
8.9 lSi1 0.36 0.033 0.0032 
3.9 l S 2 T e  0 -40 0.13 0.0023 

35.4 lS7Cs  0.047 0.013 0.0022 
7.9 OBa 0.31 0.026 0.0028 

43.5 ' 'Ce 0.30 0.12 0.22 

Sco t t y '  s Junct ion ,  Nev. 114.8 Be 0.53 0.13 0.096 
79.7 "Zr 0.080 0.013 

1 3  11 
0.0068 

7.1 0.18 0.062 0.0027 
7.1 2Te 0.25 0.081 0.0031 

17 .O )'Cs 0.031 0.014 0.0010 
10.0 " O B ~  0.31 0.054 0.0047 
31.1 ls4Ce 0.27 0.066 0.013 

(cont  i nued) 



TABLE D-2. (Cont i nued) 

Sampl i ng 
Locat i o n  

No. T y p e o f  Rad ioac t i v i t y  
Days Radio- Concentration (10" pCi/ml) 

Detected a c t i v i t y  Max M i  n Av g 

Stone Cabin Ranch, Nev. 94.6 
82.4 

4.9 
4.0 

39.9 
12.8 
37.9 

Sunnyside, Nev. 

Tempi ute, Nev. 

Tonopah, Nev . 

Tonopah Test Range, 107.2 
Nev. 71  .O 

10.1 
4.3 

36.6 
18.3 
36.2 

'Be 
s Z r  

1 3 1 1  

l  2Te 
'Ics 
OBa 
'Ce 

(con t i  nued) 



TABLE D-2. (Continued) 

No. T y p e o f  Radi oac t  i v i  t y  
Days Radio- Concentrat ion (10" pCi /ml)  

Detected a c t i v i t y  Max M i  n Av g 
Sampl i ng 
Locat i o n  

Cedar City, Utah 

De l ta ,  Utah 

Garr ison,  Utah 

M i l  fo rd ,  Utah 

St.  George, Utah 

'A lso known as Groom Lake. 
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TABLE D-3. 1978 SUMMARY OF ANALYTICAL RESULTS FOR 
A I R  SURVEILLANCE NETWORK 

STANDBY STATIONS 

No. Type of Rad ioac t i v i t y  
Days Radio- Concentration (10' ~ C i l m l  ) 

Detected a c t i v i t y  Max M i  n Avg 
Sampl i ng 
Locat i on  

Phoenix, Ariz. 13.9 
19.1 
9 .O 
7.0 
0.0 
7 .O 
0.0 

Winslow, Ariz. 8.7 
6.4 
8.0 
3 .O 
0.0 
8 .O 
0.0 

L i t t l e  Rock, Ark. 8.8 
7.1 

Ind io ,  Ca l i f .  

Denver, Col o. 

(continued) 



TABLE D-3. (Continued) 

Sampl i ng 
Locat ion  

No. T y p e o f  Rad ioact i  v i  t y  
Days Radio- Concentrat ion (10" ~ C i l m l )  

Detected a c t i v i t y  Max M i  n Av g 

Durango, Colo. 8.9 
9.9 
6.4 
1.9 
2.4 
6.4 
3.2 

Grand Junct ion ,  14.1 
Col 0. 4.1 

8.0 
2.9 
0.0 
8.0 
0.0 

Pueblo, Colo. 3.0 
4.1 
8.0 
8.0 
0.0 
9.2 
0.0 

Boise, Idaho 

Idaho F a l l s ,  14.1 
Idaho 14.9 

9.3 
4 .O 
2.3 

11.2 
0.0 

0.081 
0.011 
0.022 
0.036 

<o .001 
0.041 
0.0051 

0.061 
0.0031 
0.0092 
0.0059 - - 
0.011 - - 

0.046 
0.0040 
0.74 
1.1 - - 
0.66 - - 

0.069 
0 -0043 
0.0014 - - 
- - 

0 -0089 - - 
0.073 
0.013 
0.019 
0.022 

<o. 001 
0.028 -- 

(cont inued) 



TABLE D-3. (Continued) 

No. Typeof  Radioactivity 
Days Radio- Concentration (10" ~ C i l m l )  

Detected a c t i v i t y  Max Mi n Av g 
Sampl i ng 
Location 

Mountain Home, 12.0 
Idaho 8 .O 

9.8 
9.8 
5.0 

13.9 
0.0 

Pocatel 1 o, Idaho 15.8 
16.4 

7 .O 
4.9 
2 .o 
12.0 
3 .O 

Preston,  Idaho 15.0 
8.0 
8.1 
2.0 
2 .o 
9.1 
0.0 

T w i n  Fa l l s ,  Idaho 3.0 
15.0 
13.0 
9.0 
0.0 
20.0 
3 .O 

Iowa City,  Iowa 

(continued) 



TABLE D-3. (Continued) 

No. T y p e o f  Rad ioac t iv i ty  
Days Radio- Concentrat ion ( l o m 9  vCi/ml) 

Detected a c t i v i t y  Max Mi n Avg 
Sampl i ng 
Locat ion 

Sioux Ci ty ,  Iowa 10.8 
6 .O 

12.0 
5.0 
2.0 

12.0 
0.0 

'Be 
5Zr 

1 3 1 1  

"Te 
l S  7~~ 

l 4  'Ba 
" ~ e  

Dodge Ci ty ,  Kans. 24.0 
6.0 

12.0 
12.0 

0.0 
17.0 

2.0 

'Be 
'zr 

lS11 
2 ~ e  

Lake Char les ,  La. 9.3 
17.1 

9.9 
7.9 
0.0 

11.9 
2.9 

M.onroe, La. 7 ~ e  
'Zr 

l1 
'Te 
'cs 

"Ba 
' ' ~ e  

New Orleans,  La. 5.1 
13.7 
11.0 
8.9 
2.0 

17.8 
2.0 

(cont inued)  



TABLE D-3. ( Cont i nued) 

No. T y p e o f  Rad ioac t i  v i  t y  
Days Radio- Concentrat ion (10' vCi/ml ) 

Detected a c t i v i t y  Max M i  n Av g 
Sampl i ng 
Locat ion  

M i  nneapol i  s, M i  nn. 

Clayton,  Mo. 

J o p l i n ,  Mo. 

St .  Joseph, Mo. 

B i l l i n g s ,  Mont. 

(cont inued) 



TABLE D-3. (Cont i nued) 

No. T y p e o f  Radioact i v i  t y  
Days Kadio- Concentrat ion pCi/ml ) 

Detected a c t i v i t y  Max M i  n Av g 
Sampl i ng 
Locat i o n  

Bozeman, Mont. 

M i  ssoul a, Mont. 

N o r t h  P l a t t e ,  
Nebr . 

~ a t t l e '  Mountain, 
Nev . 

Currant  Maint.  
Sta., Nev. 

(cont inued) 



TABLE D-3. (Continued) 

Sampling 
Location 

No. Type of Radioactivity 
Days Radio- Concentration (10" uCi/ml) 

Detected activity Max Min Aw 

Currie, Nev. 5.9 
16.4 
8.0 

E 

::: 

'Be 0.51 0.14 0.028 
g5Zr 0.085 0.013 0.012 
isi1 0.053 0.023 0.0056 
la2Te 0.13 0.050 0.011 
ia'Cs 0.012 0.012 <O.OOl 
looBa 0.15 0.034 0.012 
l**Ce 0.15 0.080 0.016 

Elko, Nev. 7.0 
15.9 
4.9 
1.9 
0.0 
8.1 
0.0 

'Be 
g5Zr 
isi1 

la2Te 
ia'cs 
'*OBa 
14"Ce 

0.27 0.21 
0.073 0.024 
0.16 0.049 
0.11 0.11 

-- m.- 
0.22 0.084 

mm em 

0.036 
0.015 
0.011 
0.0048 

-- 
0.026 

VW 

Fallon, Nev. 16.8 'Be 
14.0 g5Zr 

7.2 13 11 

5.2 la2Te 
0.0 13'Cs 
5.2 %*OBa 
2.0 1 **Ce 

0.47 
0.042 
0.21 
0.25 

0:;7 
0.13 

0.23 
0.018 
0.035 
0.091 

mm 
0.098 
0.13 

0.092 
0.0066 
0.011 
0.012 

oi5 
0.0043 

Frenchman Sta., 
Nev. 

17.9 'Be 
11.8 g5Zr 
8.0 131 I 
6.9 132Te 
2.9 13'Cs 

12.9 lroBa 
0.0 l**Ce 

0.70 0.21 
0.082 0.020 
0.24 0.063 
0.32 0.081 
0.013 0.013 
0.29 0.046 

-- -- 

0.12 
0.0086 
0.014 
0.019 

<O.OOl 
0.025 

-- 

Lovelock, Nev. 28.7 'Be 0.61 0.18 0.15 
11.3 g5Zr 0.13 0.023 0.0077 

6.0 1311 0.18 0.060 0.0092 
,4.1 la2Te 0.15 0.11 0.0072 
3.5 13'Cs 0.015 0.015 <O.OOl 
7.0 '*OBa 0.32 0.11 0.017 
2.0 '*'Ce 0.16 0.16 0.0043 
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TABLE D-3. (Continued) 

Sampl i ng 
Locat i o n  

No. Type o f  Radioact i v i  t y  
Days Radio- Concentrat ion pCi/ml) 

Detected a c t i v i t y  Max M i  n Avg 

Reno, Nev. 

Warm Springs, Nev. 3.0 Be 0.52 0.28 0.021 
17.2 '2r 0.092 0.028 0.015 
6.0 '''1 0.19 0.046 0.011 
3.0 ' ~ e  0.24 0.090 0.011 
0.0 7 c ~  - - - - -- 

13.8 l 4  ' ~ a  0.24 0.021 0.026 
0.0 ' ' ' ~ e  - - - - - - 

Wells, Nev. 

W i  nnmucca, Nev. 12.1 B e  2.7 7 

A1 buquerque , 
N. Mex. 

13.1 'Be 1.2 0.18 0.060 
14.9 'Zr 0.10 0.014 0.0086 

1 3 I1 5.9 0.12 0.033 0.0046 
6.1 1 3 7 e  0.19 0.054 0.0071 
0.0 lS7Cs - - - - - - 

16.0 ''$a 0.35 0.024 0.019 
0.0 1 4 t e  - - - - - - 

(cont inued) 



TABLE D-3. (Continued) 

No. T y p e o f  Radioact i  v i  t y  
Days Radio- Concentrat ion pCi/ml) 

Detected a c t i v i t y  Max M i  n Avg 
Sampl i ng 
Locat ion 

Carlsbad, N. Mex. 14.2 
16.6 
10.8 
12.8 

0.0 
9.7 
0.0 

Mu skogee, Okl a. 28.7 
16.0 
15.0 
10.0 

0.0 
18.0 
0 .o 

Norman, Okla. 7.0 
14.1 
14.9 
9.0 
0.0 

15.9 
0.0 

Burns, Oreg. 

Medford , Oreg . 9.1 
14.7 

3 .O 
0.0 
0.0 
3.0 
0.0 

(cont inued) 



TABLE D-3. (Continued) 

Sampl i ng 
Locat ion 

No. Typeof Radioactivity 
Days Radio- Concentration pCi /ml ) 

Detected activity Max Mi n Av g 

Aberdeen, S. Dak. 

Rapid City, S. Dak. 

Abilene, Tex. 

Amarillo, Tex. 

Austin, Tex. 

(cont i nued) 



TABLE D-3. (Continued) 

No. Typeo f  Radi oact i v i  t y  
Sampl i ng Days Radio- Concentration (10" ~ C i l m l )  
Locat i o n  Detected a c t i v i t y  Max M i  n Avg 

F o r t  Worth, Tex. 

Bryce Canyon, Utah 

Capi to l  Reef, Utah 

Dugway, Utah 

Enterpr ise,  Utah 

'Be 
5 Z r  

1311 
'Te 

lS7Cs  
I' OBa 
" ' ~ e  

7Be 
5 Z r  

a s  11 

"Te 
l3 7 C ~  

OBa 
lsrCe 

' Be 
5 Z r  

is11 
lS 'Te 
lS7Cs 
'"Ba 
"'Ce 

7Be 
' 'Zr  
1 3 b 1  

" 'Te 
as7Cs 
l c o B a  
'"Ce 

Be 
9 5 Z r  
1311 

a 'Te 
lS7Cs 
I' OBa 

"Ce 

(continued) 



TABLE D-3. (Continued) 

No. T y p e o f  R a d i o a c t i v i t y  
Days Radio- ~oncen t ' ka t  i on ( pCi / m l  ) 

Detected a c t i v i t y  Max M i  n Avg 
Sampl i ng 
Locat i o n  

Logan, Utah 13.2 7Be 0.49 0.23 0.08 
14.0 5Zr 0.068 0.021 0.011 

7 -9 1 3 1 1  0.10 0.033 0.0091 
2.9 2Te 0.13 0.071 0 -0046 
0.0 lS7Cs  - - - - - - 

13.0 % ? % a  0.19 0.076 0.025 
3 .O 4Ce 0.079 0.079 0.0041 

Mont ice l  l o ,  Utah 

Parowan, Utah 

Provu, Utah  

S a l t  Lake City, 17.1 
Utah 7.8 

7.1 
0.0 
0 .o 
9.0 
0.0 

(cont inued) 



TABLE D-3. ( Continued) 

Sampl i ng 
Locat i o n  

No. Type.of Radioact i  v i  t y  
Days Radio- Concentrat ion (10' p C i / m l )  

Detected a c t i  v i  t y  Max M i  n A'f g 

Vernal,  Utah 9.9 
19.0 

3 .O 
3.0 
0.0 
9 .O 
0.0 

Wendover, Utah 15.5 
6.9 
3.0 
1.9 
0.0 
6 .O 
0.0 

Sea t t l e ,  Wash. 9.0 
8.9 

12.0 
4.0 
0 .o 

13.0 
0 .o 

Spokane, Wash. 13.0 
8.0 

13.0 
5.0 
0 .o 

13.0 
0.0 

Casper, Wyo. 'Be 
5Zr  

r 3 1 1  

'Te 
l S 7 C s  

OBa 
' 'Ce 

(continued) 



TABLE D-3. (Continued) 

Sampl i ng 
Locat i o n  

No. Type of R a d i o a c t i v i t y  
Days Radio- Concentrat ion (10' s p C i / m l  ) 

Detected a c t  i v i  ty  Max M i  n  Av g  

Rock Springs, Wyo. 7.0 
6  .O 
6  .O 
6.0 
8.1 

12.0 
0.0 

Worland, Wyo. 'Be 
'Zr 

I s 11 

.' T e  
IS 'cs 
' ' $a 
l4 t e  

f o r  each sampling locat ion* .  The ca lcu la ted  D.E.'s fo r  each sampling l o c a t i o n  
are  shown i n  F igures  D-3 and D-4 w i t h  i s o p l e t h  l i n e s  f o r  t h e  D.E.'s o f  0.01 
mrem and 0.1 mrem. The h ighest  i n f a n t  t h y r o i d  dose equ iva len t  was est imated 
t o  be 4.0 mrem for  t h e  samples c o l l e c t e d  a t  Casper, Wyoming. Th is  dose i s  0.8 
percent  o f  t h e  Rad ia t ion  P r o t e c t i o n  Standard o f  500 mrem f o r  the  general 
populat ion,  as s p e c i f i e d  by t h e  DOE Manual, Chapter 0524. 

*Ca lcu la t i ona l  procedures were t h e  same as those s p e c i f i e d  i n  Appendix B, 
"F ina l  Report o f  O f f - S i t e  Surve i l  lance f o r  t h e  Baneberry Event ," Report No. 
SWRHL-107r. Ava i l  ab le  from Nat ional  Technical In fo rmat ion  Service, U.S. 
Dept. of Commerce, S p r i n g f i e l d ,  VA 22161. Feb. 1972. 



Figure  D-3. I n f a n t  Thyroid Dose Equivalents (mrem) Est imated from A i r  
Sampl i ng Resul ts  o f  A i r  Survei 11 ance Network, (Nevada) , 

March-April 1978. 
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I 0.0045 
I 0.029 I 

0.01 2 I 
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Numbers represent estimated thyroid Scale in Miles 
dose equivalent (mrem) to the thyroid 
gland of hypothetical infant receptor 
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I I 

with one-gram thyroid weight. L~ I I I 
+ represents results which are low 0 5b 100 150 200 
due to incomplete sampling. Scale in Kilometers 
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0.93 0.0053" 

Numbers represent estimated 
close equivalent (mrem) to the 
thyroid gland of a hypothetical 
infant receptor with one-gram 
thyroid weight. represents 

0 10 200 400 results which are low due to 
incomplete sampling. 

F igure  D-4. I n f a n t  Thyro id  Dose Equ iva lents  (mrem) Est imated from A i r  
Sampl i ng Resu l ts  o f  A i r  Surve i l  lance Network (Western 

Uni ted Sta tes) ,  March-Apri l  1978. 



APPENDIX E. LIST OF ABBREVIATIONS AND SYMBOLS 

um 
u ~el-fl 
u c i  /g 
PC i / m l  
AEC 
ASN 
C 
CG 
C i  
c m 
CP-1 
C Y 
D.E. 
DOE 
EMSL- LV 

EPA 
E RDA 
E RDA/ NV 

ft 
G Z 
h 
kg 
km 
k t  
LCL 
L LL 
LTHMP 
m 
MDC 
mm 
mrem/y 
mrem/d 
mR 
mR/ h 
MSL 
M SM 
nCi 
N TS 

micrometer 
m i  cro-rotgen-equi valent-man 
m i c r o c u r i e  per gram 
m i c r o c u r i e  pe r  m i l l i l i t e r  
Atomic Energy Commission 
A i  r Survei 1 1 ance Network 
temperature i n  Ce ls ius  
Concentrat ion Guide 
Cur ie 
cent imeter  
Contro l  P o i n t  One 
Calendar Year 
Dose Equ iva lent  
U.S. Department o f  envergy 
Environmental Mon i to r i ng  and Support Laboratory- 
Las Vegas 
U.S. Environmental P r o t e c t i o n  Agency 
Energy Research and Devel opment Admi n i  s t r a t i  on 
Energy Research and Development Admin is t ra t i on /  
Nevada Operat ions O f f i c e  
fee t  
Ground Zero 
hour 
k i  1 ogram 
k i l  ometer 
k i  1 o t  on 
lower conf idence l i m i t  
Lawrence L ivermore Laboratory 
Long-Term Hydro1 o g i c a l  Moni t o r i  ng Program 
meter 
minimum de tec tab le  concen t ra t i on  
m i l  1 i m e t e r  
m i l  1 i-rontgen-equivalent-man per  year 
mi 1 1 i -rontgen-equi va l  ent-man pe r  day 
m i l  1 i - r o n t g e n  
m i  1 1 i -rontgen per  hour 
Mean Sea Level 
M i l k  S u r v e i l  lance Network 
nanocuri  e 
Nevada Test  S i t e  



PH S 
pCi 
SMSN 
TLD 
UCL 
USGS 
WSN 

Pub1 i c  Health Service 
picocuri e 
Standby Mil k Surveil lance Network 
therrnol urninescent dosimeter 
Upper Confidence Limit 
United States Geol ogical S~rvey 
Water Surveil lance Network 
year 
tritium or hydrogen-3 
t r i  t i  ated hydrogen 
t r i  t i  ated water 
t r i t i a ted  methane 
ba r i  urn 
beryl i urn 
ces i urn 
i odi ne 
potassium 
krypton 
pl utoniurn 
radi urn 
rutheni urn 
stronti urn 
t e l l  ur i urn 
urani um 
xenon 
zi rconi urn 
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